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[57] ABSTRACT 

A system and method for providing interactive multimedia 
services to subscriber premises utilizing wireless and power 
line distribution within the subscriber jffcmise. The service 
is provided via a communications link delivering to the 
subscriber premises broad band digital information includ- 
ing video and audio from a plurality of infonnation provid- 
ers and control signals in a multiplexed fonn. This multi- 
plexed signal is then separated and processed on premise 
and distributed in a two-way fashion using frequency hop- 
ping code division multiple access (CDMA) spread spec- 
trum using radio ficequency signals preferably at UHF for the 
broadband downsu:eam signal and power line carder for the 
control signaling. 

21 Claims, 15 Drawing She^ 
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CUSTOMER PREMISE WIRELESS ct aL U.S. Pat No. 5^7347 discloses a digital video 

DISTRIBUTION OF BROAD BAND SIGNALS distribution netwoik providing subscribers with access to 

AND TWO-WAY COMMUNICATION OF multiple Video On Demand service providers through the 

CONTROL SIGNALS OVER POWER LINES P"*>^^ switched telq>hone nrtwork, as described in mwc 

3 detaD bdow. 

RELATED APPUCATIONS U.S. PaL No. 5»247347 to littcral ct al., the disclosure of 

which is hereby incorporated in its entirety into diis disclo- 

This application is a Continuadonrln-Part of application sure by reference, discloses an enhanced public switched 

Sei. Na 08/431,940, filed on May 1, 1995, Attorney Ref- telephone network which also provides a video on demand 

erence Na 680-102, and ^plication Ser. No. 08/508,131, service to subscribers over the public switched telq>hone 

filed on JuL 27, 1995, Attorney Reference No. 680-102A. netwoiiL A menu of video programming infonnation is 

displayed at the subscriber's premises by a set-top terminal 

TECHNICAL FIELD and a TV set. The subscriber may transmit ordering infor- 

, mation via the public switched telephone n^ork to the 

The present invention relates to loutmg and access control independent video information providers. Video i^ogramr 

and billing functionalities in video distribution networks 13 ^ accessed and transmitted to the subscriber 

capable of providing subscribers with access to multiple directly from a video information provider (VIP) cr through 

infonnation service providers utilizing wireless distribution ^ yi^eo buffer located at a central office (CO) serving flie 

in at least a portion of the nrtwork. subscriber. 

BACKGROUND AKT 20 Connectivtty between the central office and the subscriber 

for transmission of video data is provided by an asymmetri- 

Distribution of full motion video data has evolved from cal digital subscriber line (ADSL) system. ADSL interface 

eariy tdevision broadcasting to meet viewer demand. Ear- units at tiic central office multiplex d^tal video information 

liest video distribution was by point-to-point wiring between with voice information to be transmitted to the subscriber 

a camera and a video monitor. This was followed by andsupporttwo-way transmission between die subscriber's 

scheduled television broadcasting of programming over the line and the X.25 pacfert data networic of one or more control 

public air waves. In die 1960s, Community Antenna Tele- channels. A complimentary ADSL interface unit at the 

vision (CATV) was diartcred to provide off-air tdevision subscriber's premises separates downstream video control 

signals to viewers in broadcast reception fringe areas. Later, signals and voice telephone signals from the line and mul- 

under FCC regulation, the CATV industry was required to tiplexes upstream control signals and voice telephone sig- 

provide local access and original programming in addidon to nals onto the line. 

off-air broadcast signal distribution. A subscriber can request transmission of video data using 

In response, several sources of cable network program- a tele^ione instrument by dialing a Voice Response Unit 

ming were established. Because of the wide bandwidfli (VRU) of a video gateway device, through the voice tde- 

available on cable television systems, additional channels 35 phone switch and dialing in selection information, 

were available for the new progranmiing. Howcva, pro- Alternatively, the user can access the video gateway device 

gramming was generally prcscheduled, with the viewer left and select a video using a remote control device, the set-top 

to tunc to the designated channel at the appointed time to terminal and fee control signaling channel througli the 

view a particular progranL network. The VIP's equipment identifies fee requested title 

To increase revenues, cable television systems have ini- 40 detOTuines if fee tide is available, 

tiated distribution of premium channels viewable only by If die tide is found, fee corresponding data file is opened 

subscribers having Impropriate descramblers. The subscriber a reserve idle conmiunications port is identified for 

tunes fee descrambler to receive a premium channel, transmission of fee video data to an input node of a digital 

descramble fee video and audio information and supply a cross-connect swltdi (DCS). The video data file is transmit- 

signal capable of reception on a standard television set 45 ted from fee VIP*s video stwage device, ferough fee DCS, 

Pay-per-view programs, which evolved later, include to fee designated ADSL interfaces for transmission to fee 

reccndiy released movies, live concerts and popular sporting requesting subscriber's premises. The ADSL interface on fee 

events. Subscribers wishing to view apay-pcr-vicw program subscriber premises denmltiplexes fee broadband program 

place an order wife fee cable oparatoi: At fee designated transmission off of fee subscriber loop and applies fee digital 

tunc, fee subscriber's dcscramblfa: is activated by some 50 data stream to a decoder unit in fee set-top terminaL The 

control from fee cable operator to permit viewing of fee decoder unit deconqircsses fee audio and video data, and 

pay-per-view programming. However, fee subscriber is still converts fee digital audio and video to corresponding analog 

restricted to viewing fee progranmdng at the scheduled time, signals. The decoder can siipply baseband analog audio and 

There is no capability of delivering programming to a video signals to a television receiver, or fecsc analog signals 

subscriber on demand, feat is, immediately or at a 53 can be modulated to a standard television channel frequency 

subscriber-specified time and date. for use by fee television receiver. 

More rcccndy, several different wideband digital distri- While fee foregoing patents deal wife systems involvkg 

bution networics have been proposed for offering subscribers wired distribution of fee data, entertainment and infcHmaUon 

an array of video services, indudingtiue Weo On Demand wifein the consumer premises, a number of patents have 

SHvicc. The foUowing VS, Pat Nos. disclose representative 60 pr<^sed various schemes for wireless distribution of infor- 

examjdes of such digital video distributions n^orks: U.S. mation of one sort or anofeer. 

Pat No. 5,253^75 to Yurt et at, U.S. Pat No. 5,132,992 to Robbins U.S. Pat No. 4,509,211, issued Apr. 2, 1985, 

Yurtetal., U.S.Pat No. 5,133,079 to Ballantyneet at, U.S. describes an electrical system that utilizes an extended 

Pat Na 5,130,792 to Tindell et al., U.S. Pat, No. 5,057,932 infrared radiation link for remote control, such as a TV 

to Lang, U.S. Pat Na 4,963,995 to Lang, U.S. Pat Na 65 selector or for data communication. 

4,949,187 to Cohen, U.S. Pat Na 5,027^ to Baji el al., Williams U^. Pat Na 4,882,747, issued Nov. 21, 1989, 

and U.S. Pat No. 4,506,387 to Wato. In particular, Utteral describes a teleconferencing system including infrared com- 
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mnnicatLon apparatus that provides simultaneous video coo- In an exenplaiy inqdemcntatlon cf the present invention, 

trol at a number of remote teleconferencing sites from a real time encoders receive video programs and encode the 

central teleconferencing location. infonnation for those programs into packets of compressed 

Yasuoka ct al. U.S. Pat. No. 4,885,766, issued Dec. 5, digital data, eg., in accord with the recognized video 

1989, describes a tele-oontroller system induding a control ^ cooqiression standard. The head end may also receive pre- 

device that receives and stores incoming commands trans- viously encoded video program material from other sources, 

mitted through a telephone line. The commands are used to such as a digital server or a digital transmission media. 

q>erate various apparatuses such as VCR, air conditioner, Multiplexers conihine digital data for groiq>s of programs 

lamp, etc., at pre-determined times. i^to the multiplexed packet data streams. A digital 

Kameo et aL U.S. Pat No. 4,899370 issued Feb. 6, 1990, modulator, such as a 64 or 256 QAM modulator, modulates 

describes an apparatus enabling remote control of electronic digitally mult^)lexed packet data stream for transport in 

equipment such as a VCR through the use of a remote one unique channel A combined spectrum signal containing 

tel^honc set A remote controller will provide wireless, line channels is delivered to (he subscribers pronisc 

of sight opoation of the VCR in response to a signal from any suitahb multhnedia distribution and delivery 

the telephone set ^5 architecture. 

Streck et al. U.S. Pat Nos. 4,916,532, 5,012350 and The combined spectrum signal containing the above- 

5,023,931, issued Apr. 10, 1990,Apr.30» 1991,andjun. 11, described channels is connected to a network interface at the 

1991, respertivdy, describe the transmission of a wireless subsoiber premises where it is up-converted to place the 

signal from a VCR to aTV. The output of the VCR is fed into channels into available frequency channels, preferably in the 

a transmitter and sent to the TV receiver. These patents also ^ range. The unique channel from eadi digital modulator 

describe several prior ait arrangements for transmitting a is fed to an up-oonverter synthesizer module which performs 

signal from a VCR to a TV set without linking wiring. ^ frequency hopping spread spectrum technique. The fre- 

Goodman U.S. Pat No. 5,010399, issued ApL 23, 1991, ^^^^ syn&esizer uses an input frequency hopping spread- 
describes a premise video transmission system which uses '^^ ^ deteimine the particular frequency from within 
existing premise telephone wiring to permit transmitting ^® ^ frequencies in the broad frequency band at which 
video across the premise without requiring installation of ^ periodically generate the carria: wave. Rcquency hop- 
new wires. The patent describes ttie use of such telephone ^® ^ frequency synthesizer by a 
wiring for transmitting video and control signals without frequency hopping code g«icrator so that (he earner wave is 
interference with telephone communications. The patent ^ ^^uency hopped. Each carrier is assigned a different 
Includes a background disaission of prior patents dealing spreading code so that each occupies a different channel 
with the problem and points out that not only telephone lines ^ P*^^ '^^ spreading codes are 
but power lines have been proposed as transmission con- Preferably orthogonal to one another so that cross- 
duits. However, the patent states that transmission across correlation between the spreading codes is approximately 
power wiring is very difficult and, in Ught of these are fed to a suitable miniatuie subscriber 
difiBculties, the Goodman patent proposes the use of tdc- premise antenna for radiation throughout the premises, 
phone wiring. The Goodman patent is herein incorporated At the receiver site widiin the premise a similar antenna 
by reference. receives a signal which is Acn down-converted and supplied 

The above discussed media distribution systems provide ^ ^ wireless signal laocessor. The wireless signal processor, 

varied q)proadies to providing to business and residential 40 ^ically part <tf an intaface module connected by a cable to 

premises numerous media services via different types of down-converter, processes the received wireless signal 

delivery mechanisms. However, all systems known to have ^^^^^ channels. The wfreless signal processor 

been proposed to date have required a greater or lesser effectively acquires a digital nuiltiplcxed data stream from 

Installation of additional signal distribution wiring or the selected channel and suppHes that data stream to a digital 

cabling in the served premise. In many instances, the instal- 45 signal processor. 

lation of such facilities involves a major construction project The digital signal processor selects packets of data rclat- 

and significant expense. ing to a selected one of the programs. The digrtal processing 

^„ _ ^ section processes the compressed, digitized data from those 

DISCLOSURE OF TOE INVENTION packets to produce agnZprescnUMe to the subscrilxr In 

The principal object of the present invention is to provide 50 preferred embodiment, the digital signal processes' pro- 
an efficient system and method for providing wireless dis- duces signals to drive a standard television set 
tribution of video and the like wide band infonnation Particular transmitted signals are retrieved fixjm the corn- 
services throughout a premise. Irined transmitted signal by despreading with a frequency 

According to the present invention, interactive mnltime- hopping spreading code corresponding to the code for the 

dia services are provided to subscriber premises by any 33 particular transmitter anteima which is to be retrieved. As 

suitable multimedia distribution and deliv^ system and will be understood by those skilled in the art the transmitting 

then distributed through the subscriber premises throu^ a and receiving codes are synchronized. When the spreading 

wireless distribution system particulariy adapted to avoid codes are orthogonal to one ano&o, the received signal can 

interference from wireless distribution systenos which may be correlated with a particular spreading code such that only 

be utilized in adjoiinng ca- nearby premises of a different 60 ^e desired signal related to the particular spreading code is 

subscriber to the same or a different service. enhanced whQe the other signals are not enhanced. 

Another object of the invention is to provide an efficient This system may use only one spreading code in the 

system and method for providing wireless distribution of situation where the subscriber uses only a single television 

video and the like wide band infonaation services through- set However, the system is uniquely adapted to provide 

out a premise while utilizing the existing pronise power 65 interference free recq)tion to mult^le television sets tuned 

lines to distribute two-way signaling related to the wide to different programs within the same premises. In like 

band information services. manner, the system provides prevention of interference from 
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Stray signals which may ent^ the premise from adjoining os* FIG. 14 depict details of a Netwcnk Entertainment Tcr- 

nearby premises of other subscriba-s to the same or different minal (NET) which may be used in tiie embodiment of Ac 

T pnltimedta distribution systems. invention illustrated in FIG. 11. 

According to the invention, interactive multimedia ser- FIG. 15 illustrates yet anotho' embodiment of the iji^>le- 

vices are particularly adapted to be provided to subscriber ^ mentation of die invention utilizing the type of n^ork 

premises utilizing in whole or in part the public switched illustrated in FIG. 3. 

tclcpbonc network. In one preferred embodiment, the sex- piG. 16 depicts a Network Interface Unit (NIU) for 

vice is provided using an existing twisted wire pair sub- interfacing with the network. 

scribcr line with Asymmetrical Digital Subscriber line pjQ ^^^^ wireless and control signal 

(ADSL) technology. The ADSL connection provides a U W ^^^^^ network entertainment taminal wMcb may be 

mbits/s downstream video infonnation channel, a two-way embodiment of tiie invention illustrated in FIG. 
telephone connection, and a 16 kbits/s control channel This 
multiplexed signal is then separated and processed on 

premise and distributed in a two-way fashion as a conq)lex BEST MODE FOR CARRYING OUT THE 

radio frequency signal. Multiple television sets and tele- 15 INVENTION 
phone stations may be simultaneously served and may 

conversely communicate commands upstream to the multi- Ardiitectural Overview of Video Dial Tone 

media network. A complete installation may be made in an Network 

entire i^mise without the necesaty for any significant ^q, 1 is ^ block diagram of an exemplary broadband 

mstaUation of new mnng. The system and methodology i^^^tive servicesT^ch as video o^ 

provide fleximty and are adapted to save as an integral ^ ^ purchasing, home banking, 

termination for multiple multmiedia distnbution and dchv- information ticket ordering, gaming, etc In the 

cry architectures, network shown, the customer premises equipment (CPE) 

According to one embodiment of the invention, the wide consists of a set top terminal identified as "DET (digital 

band video or the like signal is distributed through the entertainment terminal) 100 and a telephone (POTS or 

premise in a wireless fashion while two-way signaling iSDN). The connections to the central office utilize Asym- 

relating to the wide band information and control of that metrical Digital Subsaiba: Line (ADSL) technology, typi- 

information is distributed via the power line wiring in the twisted wire pair, similar to diat disclosed in the 

premise, above cited littcral et aL Patent The ADSL connection 

„^ ^,rv«^^^r provides a 1.5 mbits/s downstream video information 

BRIEF DESCRBPTION OF DRAWINGS ^^^^^ ^ ^^^^^ telephone comiection and a two-way 16 

FIG. 1 is a blodc diagram of an exan^de of a first Video kbits/s control dianncl. The illustrated Video Dial Tone 

Dial Tbnc Network utilizing a Level 1 Gateway which may network architecture may use some form of fiber extension 

be utilized with the present invention. 35 in the actual subscriber loops, to provide services to sub- 

HG. 2 (2A,2B) is a block diagram of one example of an ^ ^'^ ^^^^ ^^n-.^l^ 

alternate network ardiitecturc utiLng a Level 1 Gateway in ^g; ^-S. patentap^c^on Ser. No. 0&^3,579, m the 

a manner adapted to the present invention; ^ °f ^^^J^f^ l^i^"^ ^ , 

^. ^ J^.^^^ _^ _^ ^ "Extended Range Video On Demand System"). In the net- 

nG.3fllustratesahybn^ ^^^^^ ^ 1, the drop to the subsaiber-s 

utihzmg the Level 1 Gateway m a mamier adapted to the ^ ^^^^^ ^ loop. 

^^'^^f!,?"^^'*' ..^ . . , 1 I., u As shown in HG.l. the network interface module in the 

FIG. 4 illustrates a digital entertainment terminal which ^ ^ imiltiplexer/dcmultiplcxcr 

may be utilized with the present mvention. ^01 similar to the in-home ADSL unit in the above discussed 

FIG. 5 illustrates die implementation of the invention ^ littcral et al. Patent As described in that patent, the con- 
according to one embodiment utilizing the type of network nection between die network interface module of the DET 
illustrated in FIG. 1. 100 and the in-home ADSL unit 201 may consist of an 

FIG. 6 illustrates another embodiment of utilization of the RJ48C line and connectors. Such a link conmiiscs six wire 

invention in a network of the type illustrated in FIG. 1. pairs, two for the broadband data, two for upstream signal- 

HG. 7 shows a simplified block diagram of a translator or so ing and two for downstream signaling. However, according 

transpondo- which may be utilized in the invention. to the present invention, tiie distribution on the premise will 

HG. 8 iUustrates another embodiment of implementation ^.^^.^f^ion indicated the broken line rectangle, as 

of the invention utilizing the type of network illustrated in described in detail h^elnafter. 

pjQ 3 Each ADSL subscribe line 203 connects to an ADSL bay 

x^n a ^ Air^*n^ .«**^;„«,-«f r^rUi^u 55 205 located in or associated with die subscriber's local 

FIG. 9. illustrates a digital entertainment terminal wmcri /*= t- u 1 :i r ^ai Ar^oi u«,. 

u J -^u *u u ♦ * TTtn. Q central o£5ce. For each subscriber line 203, the ADSL bay 

may be used widi the embodiment of FIG. 8. . . _ , . , . . , . *, _ . / 

^ , , 205 includes an ADSL multiplcxei/dcmultiplcxcr similar to 

FIG. 10 illustrates an on premise m9)lementation erf the ^ ^^^^^ discussed Uttcral 

embodiment of die mvention of FIG. 8. ^ ^ ADSL bay 205 provides transput for voice 

FIG. 11 illustrates yet another embodiment of in:q)lcmen- ^ signals on die subscriber loop to and ftom die associated 

tation of die invention utilizing die type of network illus- switch 207. The ADSL bay 205 also connects to an 

tratcd in FIG. 3. access concentrator 209 for providing two-way signaling 

FIG. 12 illustrates a set top box or module whidi may be connections througb an type packet switched data 

used widi die embodiment of FIG. IL network 211. The ADSL bay 205 also receives broadband 

FIG. 13 depicts a Network Interface Module (NIM) for 65 digital signals for downstream transport over die ADSL line 
interfacing with the NetwcricEntertaiiunent Terminal (NET) 203 to each subscriber's premises from a digital cross 

as shown in FIG. 11. connect switch 213, labelled "Access DCS" in die drawing. 
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One ADSL line 203 to tbe hozne canies one diannd of video stream path from the VIP*s server through the digital cross- 

programming and provides a single output channel The connect switch 213 for video transmission, 

output channel can provide a video signal to a VCR (not The Level 1 Gateway 221 accumulates usage ^atistics 

shown) or to the TV set 100". The various Access DCS relating to the broadband communication linVs throu^ the 

switches throughout the network are controlled by switch 5 n^orfc and supplies those statistics to a hilling system, eg. 

controUer 212. to a camo- access hilling system (CABS) 227 as shown in 

ff the ADSL bay 205 is local, i.e. located in tiie same FIG. 1. TTie Level 1 Gateway 221 also exchanges various 

telephone cauapasxy central office as the cross connect switch network operational status information witfi ftc switdi con- 

DCS 213, the ADSL bay 205 connects to the Access DCS troller 212 and with a video provider service cento* (VPSQ 

213 via an appropriate number of local DSl connections 231. 

215. In service areas where an ADSL bay does not carry Alevel 2 gateway provides a number of services for the 

enough traffic to wairant an associated Access DCS, the information Providers. Tliese services inciudc transmission 

ADSL bay wiU be located in a rranote central office fadUty, of menus of available information to subscsibcw. searches of 

Sudi a remote ADSL bay connects to the Access DCS 213 available infonnation, targeted advertisement insertion, 

via a SONET type optical fiber link 217 providing an 15 p-eviews. trailers, etc. The level 2 gateway will download 

appropriate number of multiplexed channels to savice the video or audio menus to each subscriber's DET for display, 

number of subscribers connected to the partiailar ADSL feereby allowing each subscriber to select desired informa- 

tion. Once a subscriber makes a selection, the level 2 

\^deo Information service ftoviders (VIP*s) may access gateway will signal the appropriate server to schedule trans- 

the downstream broadband portion of the system at a hub ^ mission of the selected information throu^ the established 

location (not shown) within a givoi LATA. The hub will not downstream video transmission path. The Level 1 Gateway 

perform any switching. High capacity <^tical fiber links are accunmlatcs connectivity charge information for purposes of 

aggregated at the hub to provide each VIP with a number of hilling each called VIP. The level 2 gateway records 

coimections(e.g. one or more OC-3 links) £rom their respec- transactions, eg. movies viewed, by eadi subscriber for 

tive video server to each Access DCS within the LATA. ^5 hnung purposes. Tlie level 2 gateway also interacts with the 

The Access DCS 213 provides both point-t<^{>ouit con- DET 100 and controls the associated servers to download 

ncctions and point-to-multipoint connections. Individual- executable program code for storage in the DHT system 

ized interactive services, such as Video On Demand, home memory. 

sfaopping/purchasing and banking, use point-to-point con- The switch controller 212 monitors operations of the 

nections wherein the Access DCS connects one broadband digital cross coimect switches 213 and provides appropriate 

input port from a VDP's server to one output port going to the information to the Level 1 Gateway. For example, if Ihe 

subscriber's ADSL line. Narrowcast and broadcast services switdi controller 212 indicates that a broadband communi- 

utilizc pQint-to-muUi-point cormections of one input port to cation link through one of the switches has failed for some 

a plurality of ou^ut ports. reason, the Level 1 Gateway will tominate its accumulation 

The illustrated architecture of ttie Video Dial Tone net- of usage data for biUing for the particular broadband session, 

work utilizes two leveb of gateways, both of which will Hie video provider service center (VPSQ 231 performs a 

communicate with subscribers* DETs via the XJIS data rdated monitoring function with regard to the ADSL loops, 

network 211 and the signaling channel on the ADSL sub- xhe ADSL bays 205 monitor communications over the 

SGciber loops 203. ^ subscriber lines 203 by periodically enquiring as to the 

The Level 1 Gateway 221 performs a variety of network status of each on-prcmise ADSL unit 201. The ADSL bays 

connectivity related functions, including communications 205inturninfQnnthe video provider service center (VPSQ 

port managem^ of transmissions of information between 231 of any detected failures via data connections to that 

subscribers and servers, processing of billing infonnation center (only one sucii data connection is ilhistrated in FIG. 

and session management. Normally, each subscriber 45 1). In the presently preferred embodiment of the network of 

accesses the Levd 1 (jatcway (e.g. to select and access a FIG. 1, the service cento: (VPSQ 231 is manned with 

particular VIP's server) by operation of a remote control operations support personnel In response to a failure alarm 

device which causes the subscriber's DET 100 to transmit indicating one of the ADSL lines is down, the center 231 

data signals to the Level 1 Gateway via the 16 khlts/s control provides a display for review by one of the technicians. A 

diannel and the X.2S packet switched data network 211. The 50 VIP may also call in and indicate ^t the VIP* s system 252 

Level 1 Gateway transmits one or more selection menus to has detected some form of failure. Based on the displayed 

the subscribQi^s DET 100 as saeens of text data carried by information and/or the information fi'om the VIP, the tech- 

the same path tiack through tiie network. nician decides whether in fact a failure has occurred. If so, 

In the present implementation, text or graphics informa- the technician initiates an X.25 data call and transmission of 

tion from the Level 1 Gateway is displayed as a page of data. 55 a message from the video provider service center (VPSQ 

Alternatively, the text or gr^hics data could be overlaid on 231 to the Level 1 Gateway 221 identifying the failed link 

a video display received through the broadband network, and instructing the Gateway 221 to tear down the particular 

e.g. over one of the broadcast channels carried through the broadband link. Tbe Levd 1 Gateway 221 terminates its 

more advanced networks discussed below. accumulation of usage time data for fiiat link and instructs 

In a typical scenario, the user would turn on the DET 60 ^® switch controller 212 to tear down the link, 

terminal 100, and in response to data signals from the Levd Upon detec^on of a fault and reporting thereof to tbe 

1 Gateway 221, the terminal would dL^lay an initial sdec- video provider sendee center (VPSQ 231, personnd at the 

tion menu. The subscriber would input a selection, and in center can initiate action to cooect the fault For example, if 

response to an appropriate data signal from the DET 100, die the switch controller 212 reports a fault in aparticular switch 

Levd 1 Gateway 221 would instruct the various network 65 213, &e personnel at the service center (VPSQ 231 can call 

con^ncnts to set 19 a virtual circuit to the levd 2 gateway a technidan at die central ofSce housing that switdi and 

of a selected VIP fa- signaling purposes and a direa down- have that technician test the switch and correct any faults 
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actoally discovered Similarly, if an ADSL bay 205 rqxHts 
some feult on the twisted wire pair 203 or loss of commu- 
nications with the on-piemises ADSL unit 201, the person- 
nel at the service center (VPSC) 231 can dispatch a repair 
technician to locate and cotrect the fault on the line or in the 
OD-premises unit 

As discussed in more detail with regard to later network 
embodiments, it is prrferred for more advanced versions of 
the nctworic that the function of the video provider service 
center (VPSC) 231 be fully automated to instruct the Level 
1 Gateway 221 to stop billing data accumulation and tear 
down faulty broadband links without human intervention. 

The Video Dial Tone network of FIG. 1 provides video on 
demand and cKhsi broadband interactive multimedia ser- 
vices offered by a plurality of service providers. For 
examine, using the upstream data channel, the subscriber 
can send a request for a particular movie from his VIP of 
choice, and the VIP*s server will retrieve and transmit that 
movie as an MPEG digital data stream on the 1.5 Mbits/s 
downstream channel to the digital audioMdeo processor in 
the subscriber's DET 100. 

Although other digital compression encoding sdiemes 
may be used, such as DIGIOPHER™, the prcfared 
enabodiments of the present invention utilize MPEG encod- 
ing and decoding. MPEG (moving picture experts group) is 
a broad generic standard for video program compression, 
and MPEG 2 is a second generation compression standard 
for pacfcctLzcd transport of one or more co^^lressed video 
program signals in a single stream. A number of specific 
conqsiession algorithms will satisfy MPEG requirements, 
lypically, MPEG permits encoding of audioMdeo program 
materials into digitized, compressed format at rates in the 
range of 1.5 to 6 Mbits/sec. 

In the illustrated networi^ the DKT 100 includes a CPU, 
comprising a 386 or 486 microprocessor and associated 
mcnwry (RAM, ROM and EPROM) and an audio/video 
decoder, controlled by the CPU. The audio/video decoder 
decompresses the digitized broadband information. The pre- 
ferred embodiment of the audioMdeo decoder conqirises an 
MPEG video decoder, an MPEG audio decoder, and an 
MPEG demultiplexer for selectively routing MPEG encoded 
video and audio packets carried on the digital broadband 
channel to the MPEG video decoder and the MPEG audio 
decoder, respecrively. The DET also includes a graphics 
display generator for generating displays of received text 
da^ such as the initial tum-on selection menu, discussed in 
mcse detail bdow. The DET also includes dig^ to analog 
converters and appropriate drivers to produce ou^t signals 
compatible with a conventional television set from the 
decoded audioMdeo infonnatloQ and the graphics display. 
Each DET also includes means to receive selection signals 
from a user and transmit ap{vopriate data signals over a 
narrowband channel through the particular video network. 

The digital entertainment terminal (DET) 100 is a pro- 
granunablc device to which different individual video infor- 
mation providers (VIP's) can download different apj^ca- 
tions software. At least one VIP, typically a vendor of the 
DET, also can download portions of the operating system. 
The DET will permanently store only an operating system 
and a loader program, to control initial communications with 
a Level 1 CSateway or to facilitate initialization into a 
sin:^3lified CATV t^ mode of operation. 

The operation of the networic of FIG. 1 is described in 
further detail in commonly assigned plication Ser. Na 
087304,174 filed Sep. 12, 1994, entitled 'TLcvel 1 Gateway 
for Video Dial Tone NetWOTks" (680-093). which is incor- 
porated entirdy herein by reference. 
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^^less ftemise Distribution 

Ref ening to FIG. 5, there is shown one arrangement for 
providing wireless on-premise distribution of the 1.5 mMts/s 
downstream video information channel and two-way 16 
kbits/s control diannel using the ADSL architecture 
described above in connixtion with FIG. 1 according to a 
first embodiment of the invention. It will be understood that 
the invention is also aj^licable to other distribution archi- 
tectures presently to be described. The same reference 
numerals have been used in FIG. 5 as are found in FIG. 1 
where applicable. In ttie embodiment of FIG. 5 the CPE 
premise includes multq)le television sets here indicated at 
100* and 100" connected to multiple DETs 100 and lOOto. 
These DETs are in turn connected to ADSL units 201 and 

2or. 

The remote ADSL 205 is shown beyond the CPE and is 
connected through a subscriber line to a filts: 402 which 
separates the two-way voiccband signal to the POTS 404 

^ and the multiplexed broadband LS mbits/s television signal 
and two-way 16 kbits/s signaling channel deliveied via 
connection 406. These signals on connection 406 are wpixt- 
■ted to a suitable transponds 408. The transponda 408 
translates the frequency of these iiq)atted signab to the radio 

^ frequency range and radiates the same through a suitable 
antenna 410. The radiated signals are received by antennas 
412 and 414 associated with transponders 416 and 418. The 
transponders 416 and 418 translate ^e radio frequency 
signals back to the original 1.5 mbit/s and 16 kbits/s signals 
vAudi are then fed as inputs to the ADSL units 201 and 201' 
for delivery to the DETs 100 and lOOc and television sets 
100* and 100" in the manner described in connection with 
HG. 1. 

As will be understood by &ose skilled in the art, the 

35 transponders con^nise linear translators having a receiver or 
input pass band wide enough to include multiple channels. 
These signals are an^lificd, shifted to a new frequency 
range, and in the case of the transponder 408, then trans- 
mitted as radio frequency signals without modulation or 

40 alteration of the signal content The transponders 416 and 
418 receive the radio frequency signals, translate, the fre- 
quency to the original 1,5 mbits/s and 16 kbits/s and input 
the same to the ADSL units 201 and 201'. A typical such 
transponder or translator is illustrated in FIG. 7. 

45 Referring to FIG. 7, the transponder is in many respects 
similar to a transceiver in that it possesses a pair of signal 
handling channels for operating in converse fashions on 
signals in opposite directions. Thus there is seen one channel 
indicated at 420 and another channel indicated at 422. The 

50 input/output terminals 424 and 426 are served by channel 
420 to handle signals in the direction of the arrow 428 while 
channel 422 handles signals in the opposite direction indi- 
cated by the airow 430. Channel 420 may receive at iiq)ut/ 
output terminal 424 the 1.5 mbits/s and 16 kbits/s signals, 

55 amplify the same via amplifier 432, and deliver the amplified 
signals to a mixer 434, fed by the osdllator 436. The mixing 
raises die frequency to the radio frequency range and this 
signal is passed through a filter 438 and amplifier 440 to the 
input/ou^t tmninal 426. In the case of transponder 408 in 

60 FIG. 5, the terminal 426 would terminate in the antenna 410. 
The transponders 416 and 418 receiving the radio signal 
from the antenna 410 would handle the incoming signals in 
a converse fashion through the diannel 422. Thus the radio 
frequency signals would be received by an antenna con- 

65 nected to the terminal 426. This signal would pass through 
anq)lifier 442, mixer 444, controlled by oscillator 446, filter 
448, and amplifier 450. In this case, the upstream 16 kbdts/s 
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control signal from the ADSL is raised to radio frequency e.g. NTSC broadcast signals, to baseband video and audio 

and transmitted back to the transponder 408. In transponder signals. Hie baseband signals are ^lied to a real time 

408 the radio frequency signal is translated back to the 16 encoder 1120. 

kbits/s fonn and delivered upstreamto the remote ADSL 205 j^al time encoder 1130 digitizes die audio and video 

for the control purposes described in connection with FIG. 3 signals and performs data compression. As cuirently 

^' envisaged, the encoder will encode the program signal into 

It will be apparent that other transponder circuits may be an MPEG 2 format 

utilized in a manner well known in the art Radio The iilustraled real time encoder 1120 preferably is set up 

Handbook, 23d edition, ^Uliam Oct, SAMS Division of as a bank of encoders to process six ormore sets of analog 
MacMiUan Computer Publishing, 1987; Satellite w audioMdeo program signals in parallel. As such, toe bank of 

Communicanons, Robert M. Gagliardi, Lifetime Learning encodas UIO produces six 6 Mbits/sec MTCG 2 bit 

PubUcations, 1984; and Digital Satellite Communicatiom, streams, which are combined together with appropriate 

2d edition, TC T. Ha, McGraw-Hill Communications Saics, overhead information into a single 45 Mbits/sec DS-3 type 

McGraw-Hill Publishing Company, 1990. signal The DS-3 signal from the encoder 1120 is input to an 

Rcfaring to FIG. 6, thae is shown another embodiment interwoiking unit (IWU) 1130, The intowoiking unit 1130 
of wireless CPB distribution using an ADSL system. Similar is the actual input point f<a the encoded broadcast video 
reference numbers are used where ^plicable. In this information into the Full Sovicc Network of FIG. 2. 
enibodiment, a single CPE ADSL unit is utilized connected xhe FWl Service Network uses asynchronous transf^ 
to the subscriber line 203 and feeding the 1^ mbits/s and 16 mode (ATM) switching to transport all broadband or video 
kbits/s signals to the transponder 408. These signals arc ^ information, including de broadcast video information, 
translated to radio frequency and transmitted in turn to ATM is a packet oriented time division multiplexing tcdi- 
transponders 416 and 418. The transponders translate flic nique. In ATM, information is organized into cdls. Each cell 
radio frequency back to the original 1,5 mbits/s and 16 includes a header, primarily for identifying cdls relating to 
kbits/s signals and dcHver the same to the DET's 100 and the same virtual connection, and an information field or 
lOOo. The r^um or upstream 16 kbits/s control signals arc ^ '^ayload". In one proposal, a 53 octet ATM cell would 
translated to radio frequency in transponders 416 and 418, indude a cdl header consisting of 5 octets and a payload 
transmitted to transponder 408 and dicre returned to the 16 consisting of 48 octets of data. One MPEG 2 padcrt would 
kbits/s form for input to the ADSL 201 and transmission be mapped into payload data in four such ATM cells. 
iq)sticam to the remote ADSL 205. In the embodiment of the Transfa- is asynchronous in the sense that the recurrence of 
invention illustrated in FIG. 5, the tdephone (POTS or cells that contain information from any particular sender is 
ISDN) circuit is sq)arated from the incoming signal on die not necessarily periodic. Each device using the ATM net- 
subscribca: line at the filter 402 (or equivalent) device in the ^vork submits a cdl for transfer when they have a ceU to 
case of an ISDN installation. In the embodiment illustrated send, not when they have an assigned or available transmis- 
in FIG. 6 die POTS line is broken out from the ADSL as sion time slot. ATM allows any arbitrary information trans- 
described in connection with FIG. 1. f ^ rate up to the mflTimiim sxqjported by the ATM network, 

While the foregoing discussion has concentrated on the simply by transmitting cdls more often as nK2re bandwidth 

operation of those embodimimts of the invention utilizing an is needed. In an initial iirq>lementation of die Network of 

ADSL ardiitecture, the invention is equally applicable utl- FIG. 2, however, all video materials will be transferred at a 

lizing otho- architectures sudi as those now described in ^ constant, standardized bit rate. Preferred later generations of 

connection widi FIGS. 2 and 3. the network will utilize die AI^ cq)abilities of the network 

to permit transmission of video information over diannds of 

Rber-To-The-Curb different hit rates, e.g. 1.5 MWts/sec, 3 Mbits/sec, 6 Mbits/ 

FIG. 2 depicts an cxan^)le of one such advanced video sec, etc. It will also be possible to vary the hit rate during 

dial tone network utilizing die Levd 1 Gateway. The iUus- 45 communication on an as needed basis, 

trated network utilizes an advanced fiber to die curb system The interworidng unit 1130 grooms the continuous 

with ATM (Asynchronous Transport Mode) transport, and is MPEG 2 bit streams of the broadcast services for ATM cell 

similar to one of the networks disdosed in commonly stream transmission over optical fiber transport linkSv For 

assigned application Scr. No. 08/250,792, filed May 27, exan^jle, die Interworking unit will divide the bit streaminto 

1994, entified "FWl Service Network" (attorney docket No. 50 appropriate length payloads and combine die payload data 

680-080), the disdosure of v^di is incorporated herein with q>proprlate cell headers, necessary for ATM transport 

entirely by reference. The network of FIG. 2 uses essentially In an initial implementation, downstream links would carry 

a switched star type architecture. an OC-12 bit rate, but higher rate transports such as 00-48 

The FUIl Service Network illustrated in FIG. 2 provides will be used in later in^)lementations. Assuming use of 

broadcast video distribution, ardiival video services and 53 OC-12, one such transport link will normally carry the 

interactive multi-media services as wdl as a suite of nar- equivalent of 112 DS-3*s. However, conversion into ATM 

rowband services indudiog plain old td^honc service. As format with associated headers iniposes added ovezhead 

illustrated in that drawing, the broadcast video services will requirements on the data transmissions. In the presendy 

mitifltft from a broadcast type server, such as ATM video preferred embodiment, one interworidrig unit 1130 therefore 

source UOl or aa digitally encoded offdicairTV signal The 60 processes up to ten DS-3 signals to produce an ATM bit 

broadcast server source 1101 indudes an actual analog video stream at the OC- 12 rate. 

source UIO. Although ody one is shown, a typical broad- A transport interface 1140 converts the decttical signd 

cast service provider will have a plurality of sudi video from the interwotklng unit 1130 into an c^tical signd and 

sources in the same or separate server systems. The andog transmits the opticd signd through fiber 1150 to an adaptive 

signd from die source is carried by any convedent means, 65 digitd mdtipiexer (ADM) identified in the drawing as a 

such as an opticd fibo-, etc. Means (not shown) are provided video teidging and insertion device 1160. The ADM 1160 

as necessary to convert andog video transmission signals, perfonns diree functions, passive bridging, active bridging 
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and insQtiozi of signals firom other broadcast service pro- as four DET's. Each ONU 1210 and the down^ream fiber of 

viders (if any). The three functions may actually be sq)arate, the pair lliH) to the ONU 1210 will provide downstream 

but in the prefened embodiment, all three would be per- video services to a number of homes, e.g. 8 to 24. The 

formed by elements collocated witiiin the one n^ork transmissions on the downstream fibers between the HDT 

coxq>onent ADM 1160. 5 ONlTs 1210 are synchronous, aldiough the video 

. * J . *v 1 *j_ J V ^ ^ information remains in ATM cell format Each DET served 

As noted above, the real tme encoders 1120 each output , t^tn :^ ^.^„„»a « ^^fi^A 

• 1 no • , • * * ^^mrr^ ^ by an ONU 1210 is assigned a a)ecined tune slot on the 

asmgIeDS-3signalconqmsmgupto6MPEG2bitstreams. downstream fiber of a pal 1190. 

Theintoworidng unit 1130 processes up to ten DS-3 signals ^ ^ component which is essentially 
to produce an a™ bit stream at the OC-12 rate. a non-blocking type AITd s^WtZIn response to the ^^^^ 
Consequentiy, one broadcast video soiffoe UOl my pro- ^ ^hc HOT 1180 accesses the appro- 
duce as many as 60 chamiels of CATV type broadtot prfate bus and identifies each Am ceU on that bus for which 
programming for transport over one OC-12 type SONET information indicates that the ceU represents 
optical fiba 1150. Many providers however, may not i^^om^^on for the selected broadcast chamiei The identi- 
choose to broadcast so many channels. For exanqdc, the fied ATM ceUs are bridged by the ATM switch from the bus 
provider opiating broadcast video source 1101 may offer iS ^ ^ providing transmissions over the optical fiber 
only 42 channels. Such an ATM channel transmission on the particular ONU HIO which services tiie request- 
optical fibCT 1150 will not utilize the entire OC-12 channel ^ subscriber's premises. When the HOT selects each ATM 
capacity of that fiber. In the specific ^ample, the 42 ^ transmission to a specific DET, elements on the line 
diannelstogetherrequiretheequivalentof7oftheavailable ^ card communicating with the particular ONU will buffer the 
10 DS-3 s. cell as necessary and place the cell in the time slot for tiiat 
The illustrated architecture permits a second broadcast oej on the downstream fiber of optical fiber pair 1190. The 
service provider to utilize the transpcat capacity not used by cells selected for a particular DET, together with cells going 
the first provider. The second broadcast service provider to otiier DET's served by the same ONU multiplexed into 
would offer additional channels from a sq)arate second their respective time slots, arc ^lied to an electrical to 
source 1101'. The source 1101* is essentially identical in ^ optical converter and transmitted over the downstream fiber 
structure and c5)eration to the source 1101, but the source to the ONU 1210 serving the particular subscriber's pre- 
UOl' will offer up to the number of channels necessary to fill mises. 

die OC-12 transport capacity. In the example, if tfie source xhe basic purpose of the ONU is to desegregate the HOT 
1101 transmits 42 channels (7 DS-3's)viathe fiber 1150, the sidelinksintoindividualcustomer links and provide optical 
second source 1101' could transmit up to 18 additional electrical conversion for electrical deUvery to tiie indi- 
cbannels (3 DS-3*s). The function of the insertion device in vidual subscribers* premises. Although depicted by a single 
the ADM 1160 is to combine the signals fit)m the two ^ine in the drawing, in the currently preferred 
sources into a single OC-12 rate signal (10 DS-3's in AIM implementation, tiie drt^ cable to eadi subscriber's pr^ 
cell format) for further transmission through the optical j^^^^ comprises a coaxial cable for carrying the video 
network. and/or two-way digital data signals and a twisted wire pair 
The two bridging functions facilitate dissemination of the for carrying telephone signaling. Alternatively, ADSL corn- 
broadcast material throughout tiie entire FUU Service Net- munications over twisted wire pair could be used between 
work. The passive bridging elements are optical splitters for the ONU and the subscribers premises. In the fseferred 
splitting one OC-12 optical signal from the msertion device ^ embodiment, the ONU includes means to convert optical 
into a number of duplicates thereof, e.g. 1:2^ 1:4, 1:8, etc. signals received over the downstream fiber to electrical 
The at^ve bridging elements convert an optical signal to an signals and transmit signals from each DET's assigned time 
dectrical signal, regenerate the electrical signal and convert slot down over tiie coaxial cable to the subscriber's prc- 
the regenerated signal back to an optical signal for applica- mises. The ONU also provides two-way conversion between 
tion to multiple output ports. The optical OC-12 output optical and electrical signals for voice telephone service 
signals from the bridging conq)onent5 are transmitted over a over die twisted wire pairs and for the signaling chaimels 
large number of optical fibers 1170 to host digital terminals to/from tiie DET's. 

tiiroughout tfie network service area. The host data terminal a power source 1211 supplies -130 V dc and battery 

(HDT) 1180 is shown as a representative example. reserve power for telephone service to the ONU's 1210. The 
When a subscriber requests a specific broadcast channel, 50 power source 1211 may connect to the ONU's via twisted 

the digital entertainment terminal (DET) in the subscriber's pairs, but in the preferred embodiment, the power is carried 

home provides a signal identifying the selected channel to over a coax distribution cable. 

the HDT 1180. The signaling between the digital entertain- The digital cntgtainmrnt trrmfnal (DET) 1217 is a pro- 

ment terminal (DET) and the HDT 1180 will be discussed in grammable device to which different applications programs 
mere detail below. Inside the HDT, the ATM ceil stream 55 and/or portions of the opeiatiBg system will be downloaded 

firom an optical fiba 1170 is applied to a bus. To carry larger from a gateway device in order to permit the DET to interact 

numbers of diannels, there would be duplicate sources, with different information service providers and thereby 

insertion devices and bridging dements to transport tfic offer die user totally different types of services. The DET 

additional channels over fibers parallel to the illustrated may be similar to that used in the network of FIG. 1, with 
fibo^ 1170. Signals from one or more sudi additional ^ the exception that the network interface module within the 

parallel fibers would be applied to corresponding parallel DET 1217 provides the various broadband and signaling 

buses inside HDT 1180. connections to a coaxial cable, instead of to an interface to 

One HDT will communicate with a large number of an ADSL twisted wire pair type line, and die communication 

optical network unit (ONU's) 1210, two of which arc software within flie DET is ad^ted to process ATM trans- 
shown. The HDT will communicate witii each ONU 1210 65 ported information. 

via a pair of optical fibers IISH). In the presentiy preferred The DET 1217 includes means (not shown) to demodulate 

implementation^ each home or living unit will have as many received data and convert ATM cell stream data into bit 
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Stream data for further processing. As in the earlier Levd 1 Gateway has all infozmation necessary to accnmu- 

enibodiment, the DET 1217 also indades a digital signal late a variety of statistics as to viewer usage both for billing 

processor to deconq^ress received video signals as well as a pmposes and for audience accounting pmposes. 

grqjhics display generator for generating displays of text as an atenative to the real time control of broadcast 

data, sudi as Uie initial turn-on selection menu. The DOT 5 program selection and access by the Level 1 Gateway 

wiU also include a digital to analog convater and qjpropri- discussed above, certain relevant control dau could be 

ate drivers to produce output signals conqwtible with a downloaded to the HOT, citha from flic Gateway 1230 or 

conventional television set Eadi DOT 1217 also inchidcs &om flie service administration module (SAM), vm this 

tiie means to receive selection signals from a usea- and modification, the broadcast VIFs would provide provision, 

transmit appropriate data signals over a narrowband channel lo ing data to the SAM, and the SAM periodically downloads 

on flie coaxial drop cable to the ONU 1210. that data to flic appropriate HDT's, cither direcfly or through 

The ONU multiplexes the usex input data signals from the the Levd 1 Gateway 1230. 

DOT'S it SCTVices togetho- and transmits those signals to the The provisioning data downloaded to the HDT*s 1180 

HDT over an upstream fiber of flie optical fiber pair 1190. ^ould include channel mapping information and subscriber 

Hie HDT transmits ttie upstream control signals to cootrol 15 aufliorization control information. Hie diannd m^jping 

elements referred to as gateways. In an initial infannation specifies what programs arc carried on each 

implementation, ttie HDTs communicate witfi the gateways ATM virtual circuit, wifldn each DS-3. on each respective 

flirough an X.25 type data network. Future in^dcmcntations optical fiber 1170. The HDT U80 accesses tiie channel 

will use ATM communications for flic signaling. m^ing information in rc^nsc to cadi program selection 

In flie network of FIG. 2, the Levd 1 Gateway 1230 ^ by a subscriber to route the ATM cell stream to the request- 
provides primary control of all routing and access functions ing DOT. Hie authorization control data would indicate 
of the network and accumulates various usage statistics, in which program each subscriber is authorized to access, e.g. 
a manner substantially fn'milar to that of the Level 1 Gateway because that party has subscribed to the particular program 
221 in the network of FIG. 1. The control functions include service and is not delinquent in bill payments. When a 
controlling access to broadcast programs by individual sub- ^ subscriber requests a program, the HDT 1180 would check 
scribers. Control of access to on demand programming and this data to determine whether or not to supply the program 
intaactive multimedia services tiirougji a FVC controller to flic subscriber's DOT 1217. As flie HDT 1180 routes 
1420 and an ATM switch 1410 will be discussed in more selected channds to flie DOT'S 1217, flie HDT would 
detail below. The Level 1 Gateway also will transmit nar- accumulate usage data and/or pay per view event purchase 
rowband information to flie DOT 1217 instructing it to ^ data for flic subscribers serviced fliaeby. Hie HDT 1180 
initiate display of various selection menus of available video would periodically upload such usage data to the Level 1 
information service providers. Gateway 1230 and/or to the SAM for subsequent transmis- 

The Level 1 Gateway connects to a service administration sion to appropriate billing systems of the network service 

module (SAM) which mflinraing a data base of video infer- provider or the VIP*s, respectively, 

mation service providers and customer profile data for flie In addition to broadca^ video, tiie network of FIG. 2 

broadcast, archival and interactive video services available offers subscribers access to other wideband services, such as 

through flie network. This data may include customized video on demand and interactive multimedia services, 

menus, pre-subscription information, identification of Access to these additional broadband services is flirougb an 

impulse pay per view events and {ffcmium channels, etc ^ ATM switch 1410. As discussed in more detail below, ttie 

Under different circumstances, the video information pro- access throu^ this switch is controlled by flie Level 1 

viders and/or the individual customers can access this data Gateway 1230 in a maimer quite similar to the routing to a 

for provisioning. The Level 1 Gateway also conuccts to an VIP in the network of FIG. 1. 

operations support module (GSM). The operations support Each of flic non-broadcast service providers 1400 will 

module provides an interface to standard operating support have a level 2 Gateway 1401 and some form of file server 

systons used for additional network provisioning functions. 1403 or ofliCT source of information. The video information 

When flie subscriber selects a specific broadcast channel, provider's (VIP's) system may provide ATM cell stream 

ttie DOT 1217 transmits data upstream through ttie various ou^uts for transmission ttuou^ ttie network. Alternatively, 

network elements to ttie Level 1 Gateway identiiying flie if the provider's equqmient transmits only bit stream data, 

selected channel. In response, ttie Level 1 Gateway 1230 50 the n^oric operator would supply an interwoiking unit 

accesses stored data regarding the broadcast services to similar to the unit 1130 discussed above to convert flie 

which the customer cuncnfly subscribes. If the customer provider's bit stream data into an ATM cell ^leam format 

subscribes to the requested service, ttie Level 1 Gateway conqjatible wifli flie Service Network. The ATM switch 

1230 transmits an instruction to the HDT 1180 to route flie transmits selected ATM cells via optical ^bcrs 1415 to the 

cells for that diannel to the subscriber's DOT 1217 in flie 55 HDT*s 1180. 

manner disoissed above, if flie customs is not currenUy a establish a broadband communication session or con- 

subscriber to tiiat service, ttie Level 1 Gateway 1230 trans- ncction ttmiugh flie network between an inteiadive infor- 

mits a data message back to flie DOT U17 instructing it to mation service provider 1400 and a particular DOT 1217 

provide an appropriate television display, tg. informing flie requires establishment of a virtual circuit ttuou^ flie ATM 

cu^omcr of a service denial and/or asking ttie subscriber for ^ switch 1410 and ttie appropriate HDT 1180. In ttie n^o^ 

a^iropriate inputs to initiate a new subscription. of FIG. 2, a FVC controller 1420 stores data tables defining 

The above selection procedure flirougb the Level 1 Gate- all possible virtual circuits flnough ttie ATM switch and ttie 

way iTOvides tiie Gateway 1230 witti information as to each HDT's to each terminal of a customer subscribing to a 

selection a subscriber makes and when the selection is made. particular provider' s services. These data tables define the 

The Level 1 Gateway also receives information as to when 65 header information and the particular fiber output port used 

a DOT session ends, e.g. upon tum-off of the DOT or upon to route cells to the correct HDT and the time slot informn- 

request for a session with a different provider. As such, the tion on the downstream fiber to the ^propriate ONU serving 
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eadi DET. The data tables thus define '*peniianent virtual 
drcuits" (FVC*s) between the providers and the DETs. 

When a subscriber initiates a session widi a ba'oadband 
interactive service provider, for exanq^le VIP 1400, the 
subscriber's DET 1217 provides an appropriate "off-hook" 
signal to the HDT 1180. The HDT 1180 sends the message 
through , the X^5 packet switched network to the Level 1 
Gateway 1230. Alternatively, signaling may also be 
achieved using ATM calls through HDT and ATM video 
switch to the level 1 Gateway 1230. When the Lxvel 1 
Gateway 1230 receives the addressed message from the 
HDT, &at Gateway uses the X.121 or other protocols 
address of the caller included in the message to check its 
internal database to d^ermine if the callQ- is a valid netwaik 
customer. If the caller is not a valid customer, the system 
tears downs the session. If the callex is a valid customer, the 
Level 1 Gateway 1230 transmits an X.25 or ATM call accept 
message back to the terminal and waits for the first appli- 
cation level message. 

Once the call is accepted and an signaling link is 
provided, the DET 1217 sends an initiation message that 
says "hcUo". This "hello" message includes basic informa- 
tion such as a customer premises equipmrait (CPE) identifier 
and a CPE type designatioa The Level 1 Gateway 1230 
sends a menu and a banner through the downstream signal- 
ing channel, as in the earlier network embodiment As 
discussed above, the menu is a screen of text Usting VIP*s 
available to this customer or the VIP's that the customer as 
pf eviously selected for pmposes of her customized msxm 
presentation. The subscriber reviews the menu on their 
television set, and operates tiie arrow keys on the DET 
remote control to move a cursor across the menu to an 
Expropriate point on the screen, after which the user presses 
an <ENTER> key on the keypad or remote control. In 
response to ttie VIP selection mpva, the DET 1217 tranfimits 
an appr(^ate data signal upstream through the network to 
the Level 1 Gateway 1230. 

The Levd 1 Gateway may execute a PIN number access 
routine, as in the earlier embodiment, if the subscriber has 
previously requested such access control for selected ones of 
the VIP*s. For simplicity here, it is assumed that the cur- 
rently selected VIP is not subject to such a PIN number 
requirement The Level 1 Gateway is merely expecting to 
receive the VIP selection input from the DET within a 
predetennined period following the menu transmission. If 
the Level 1 Gateway receives the selection iupni message 
from the DET within the predetermined period, the Gateway 
1230 translates that message into the 4 digit code for the 
selected VIP's Level 2 Gateway. 

At that time, the Level 1 Gateway sends a message to the 
DET saying please wait while we connect to the VIP. The 
Levd 1 Gateway then goes over the or ATM network 
to communicate with the selected VIP*s Level 2 Gateway. 
Assuming that the subscriber selected VIP 1400, the Levd 
1 Gateway 1230 contacts the level 2 Gateway 1401 and 
indicates that it has a customer calling. The Level 1 Gateway 
1230 identifies the customer to the level 2 Gateway 1401 by 
sending the standard billing tdqihone number for the calling 
customer to the Levd 2 Gateway. Tlie CPB identification 
information and the CP&4ype information that was sent in 
the initial originatLon message is also sent to the Level 2 
Gateway (VIP) at this time. The VIP* s Level 2 Gateway may 
accept at reject ihe call after recdving the initial request 
indicating a customer is available, as in the network of FIG. 
1. If the Level 2 Gateway 1402 sends a message back to the 
Levd 1 Gateway 1230 indicating a rejection of the caU, the 
Levd 1 Gateway transmits a message to the DET 1217 
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instructing that tmninal to display some form of call rejec- 
tion notice on the associated TV. 

Altemativdy, the Levd 2 Gateway 1401 accepts the call, 
provides a server output port and gives a po^ identification 

5 for the pcfft on the server 1403 to the Levd 1 Gateway 1230. 
In response, ttie Levd 1 Gateway transmits the X121 
address of the caUing customer's DET 1217 to the Levd 2 
Gateway 1401. The Levd 2 Gateway uses that address to 
initiate a new signaling commonication throu^ the X25 

jQ networfc 1220 with the subscriber's set-top terminal DET 
1217. The Levd 1 Gateway identifies die broadband com- 
munication link number for the channd going out from the 
HDT to the requesting customer's DET 1217. The Gateway 
1230 sends a message to the PVC controller 1420 to 

2^ establish a virtual circuit between the sdected provider 14#0 
and the subscriber's DET 1217. The PVC controller 
accesses its data tables to identify an available permanent 
virtual circuit between the provider 1400 and the DET 1217 
for which all necessary elements are cunrently available. 

20 When an available circuit is identified, the PVC controller 
1420 provides £5>propriate instructions to the ATM switch 
1410 and informs the Levd 1 Gateway 1230 of the virtual 
circuit idendfiCT. The Level 1 Gateway 1230 informs the 
HDT 1180 of that virtual circuit identifier and instructs the 

25 HDT 1180 to "lock-up" that circuit as a cunrently active 
virtual circuit providing broadband communications from 
the servo- 1403 of the provider 1400 to the subscriber's DET 
1217. 

If the (broadband communication connectioD is success- 
30 fully established between the VIP's server port and the 
customer's DET, the PVC controUer 1420 transmits back an 
approjHiate indication tiiereof to the Level I Gateway 1230. 
Then the Level 1 Gateway tears down its own X.25 signal- 
ing connection with the subscriber's s«-top terminal. At the 
35 same time, the Levd 1 Gateway 1230 infonns the Levd 2 
Gateway 1401 tibat it has set up a good broadband link, and 
the Levd 1 Gateway initiates a billing reccH'd fcr the call. 
Alternatively, if the PVC controller 1420 infonns the Levd 
1 Gateway 1230 that it could not establish the broadband 
40 connection, the Level 1 Gateway passes that inf cnnation on 
to the Levd 2 Gateway 1401 and provides an appropriate 
message for display by the DEI 1217 informing the cus- 
tomer. 

During the ccmmunicadon session between the sub- 

45 scriber and die VIP 1400, die DET can transmit control 
signaling upstream through the ONU 1210 the HDT 1180 
and the X.25 data network to the Levd 2 Gateway 1401. The 
Levd 2 Gateway can also send signaling information, such 
as control data and text/graphics, downstream throu^ the 

50 same path to the DET 1217. For downstream transmission, . 
the seivCT 1403 will provide ATM cells with an appropriate 
header. The ATM switch 1410 will route the cells using the 
header and transmit those cdls over fiber 1415 to the HDT 
serving the requesting subscriber. The HDT 1180 will rec- 

55 ognizc the header as currently assigned to the particular DET 
1217 and will forward those cells through the downstream 
fiber of pair 1190 and the ONU 1210 to that DET, in 
essentially the same manner as for broadcast programming. 
When a broadband session ends, e.g. as indicated by an 

60 exchange of appropriate messages between the DET 1217 
and the Levd 2 Gateway 1401, the Levd 2 Gateway 
instructs the Levd 1 Gateway 1230 to tear down tiie 
broadband connection. The instruction indudes the custom- 
er's billing tdephone number and the server port identifi- 

65 cation for the VIP port used for the broadband communica- 
tion. Iq response, die Levd 1 Gateway 1230 stops the billing 
timing for that broadband session and transmits and instruc- 
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Hon through the FVC oontroller 1420 to tear down the the downstream signals and sii^Hes downstream RF dec- 
broadband connection between the server port and the tiical signals to a coaxial cable distribution system 31L 
CTStomer's broadband port As in die netwQ& of FIG. 1. the xT^e optical transmitter receives and transmits signals 
Level 1 Gateway creates a log recowi of flie interactive &om an RF (radio ftequency) combiner 315. The combiner 
broadband caU for purposes of billing the VIP 1400 for the 5 315 combines and levelizes RF signals ftom several sources 
broadband connect time. to produce the appropriate signal spectrum for driving the 
The Ftill Service N^ork illustrated in FIG. 2 will also optical transmitter 303. One s^ of si gnals supplied to the RF 
provide narrowband transport for voice and narrowband data combiner 315 will be group of AM— VSB (anqslitude modu- 
services. A digital switch 1310 or an analog switch 1330 will lated vestigial sideband) analog television signab from one 
provide standard type plain old telephone service (POTS) or more q^oopriate sources not separately shown. Such 
for customers of the Full Service Network. The digital POTS signals are essentially '^in-the-clcar" CATV type broadcast 
switdi provides a DS-1 type digital input^ou^ut port signals capable ofrccqition by any subscriber's cable ready 
througji interfaces conforming to eithff TR008 or TR303. television set 

The ou^ut may go to a digital cross-connect switch (DCS) jhe analog television signals are broadcast &om the 

1320 for routing to the various HDT's or directly to a 15 ^p^cal transmitter 303 through toe tree and branch optical 

multiplexer (MUX) 1325 serving a particular HDT. The and coax distribution network to provide ""basic" CATV type 

MUX 1325 may also receive telephone signals in DS-1 service to all subscribers on the nc^ork. For subscribers 

format from the analog switch through a central ofBcc dioosing only analog television service who do not have a 

terminal 1333. The ccaitral ofScc teaminal 1333 converts cable ready television, the Network optiating company 

analog signals to digital and digital signals to analog as 20 offers a standard CATV type analog frequency converter, or 

necessary to allow conamunication between the analog the subsoibcr could choose to purchase a converter on the 

switch 1330 and the re^ of the network. op^n market The network interface module in the DET lOOa 

The MUX 1325 serves to multiplex a number of DS-1 will also include a tuner that permits subscribers to the 

signals fcs- transmission over one fiber of an optical fiber pair digital services to receive the analog broadcast channels 

1335 to the HDT 1180 and to demultiplex signals received ^ through the same equipment used for the digital services. 

over the othcrfiber of the pair 1335. TTie fibcrpairs between Network depicted in FIG. 3 also provides transport 

the HDT U80 and the ONU^s 1210 wiU also have a numbo- digitized and conqiressed audioMdeo programming, 

of DS-1 channels to carry telephone and narrowband data both for certain broadcast services and for interactive 

signals to and from flie subscriber's premises. The subscrib- services, such as video on demand. Such programming will 

crs' drops 1215 include both a coaxial cable and one or more encoded and compressed in MPEG-2 or other format As 

twisted wire pairs. In addition to the video services dis- discussed in more dctaQ below, the present invention permits 

cussed above, the ONU will provide tclq>hone signals and specific use of MPEG encoded materials to offer a variety of 

expropriate power to fee subscribers' premises over the interactive services wifeout continuously utilizing a full 

twisted wire pairs connected to substaribcrs' telephone sets MPEG encoded broadband channel to transport infonnation 

1219. The ONU*s wiU also provide two-way narrowband to fee subscriber's DET 100*. 

data communication to fee DET's in narrowband channels ^^^^^^ ^^^^ ^^^^^ 

over coaxial caole. ^ ... . « » *. 

transported to eadi Loop Transport Interface using asyn- 

Hybrid Fiber— Coax chronous transfer mode {ATM) transport and switching. As 

40 noted above, ATM information is organized into cells each 

FIG. 3 depicts an alternate inqdementation of a furfeer conaprising a header, primarily for identifying cells relating 

video network utilizing a Level I Gateway in accordance to fee same virtual connection, and an information field or 

wife fee present invention. The network of FIG. 3 is a hybrid "payload**. The ATM cell header infonnation includes a 

fiber-coax system which provides RF transport of bofe virtual circuit identifier/virtual pafe identifier (VCWPI) to 

analog and digital broadband services. The illustrated net- 45 identify the particular communication cadi cell relates to. 

work provides broadcast video distribution, archival video For example, fa- broadcast signals, the VCIA^ will idai- 

services and interactive multi-media services as well as plain tify a particular pi xa gram dianneL Fox a point to point 

old telephone service, transmission, e.g. for video on demand, fee WCSfVPl in each 

Within an area containing a large number of subscribers, header of fee ATM cells would efiiectiveiy identify a specific 

such as a LATA, a tdoo deploys a number of Loop Transport 50 end point of fee virtual communication 

Interfaces 300, only one of which appears in fee drawing ja fee ilkistratcd network, digital broadcast service signals 

(FIG. 3). At least as currently envisaged, each Loop Trans- 318 in MPEG encoded form and arranged in ATM cell 

port Intaface 300 will be located in a telco central oflBoe. In packets arc a^jplied to an ATM packet handler 319 in the 

an area serviced througfi mult^>le central ofBces, several Loop T^port Interface 300. These broadcast service sig- 

different central offices would each have a Loop Transport 55 nals originate in one or more broadcast VIP's ATM servers 

Interface similar in structure to fee Interface 300 depicted in which arc essentially the same structure as fee servers/ 

no. 3. In some respects, each Loop Transport Interface will sources 1101, UOl shown in FIG. 2. The ATM broadcast 

serve as the headend of an ofeerwise conventional optical services will carry premium service type programming. The 

fiber trunk and coaxial cable type CATV distribution net- ATM broadcast signals may originate from any appropriate 

work. go source (not shown). FSor certain interactive services which 

In fee Loop Transport Interface 300, a laser type optical utilize one digitized channel to provide limited down^ream 

transmitter 303 transmits downstream signals through fibers transport to a large number of subscribers, fee ATM broad- 

305 to optical to electrical nodes referred to as "optical cast cell stream signals originate from a server 403\ as 

network units'* or ONU*s. The laser operates in a linear discussed in more d^ail below. Fully interactive broadband 

mode in fee range of 5-750 MHz. The transmitter has an 65 digital signals, in MPEG— ATM format, are also appUed to 

optical splitter and can transmit to several ONU nodes 309. fee ATM packet handler from an ATM switch 401, Hie ATM 

Each ONU 309 performs optical to electrical conversiCHi on packet handler 319 tenninates all ATM cell transport 
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through the Netwaric This handler receives the ATM cell 
streams and conyerts die cell payload infomiation into 
MPEG 2 bit streams. 

In addition to the analog broadcast signals, the RF com- 
biner 315 whidi prepares signals for downstream transmis- 
sion by ttit optical transmitter 303 receives a variety of other 
analog RF signals from a group of RF digital modulatcrs. 
The RF analog outputs from the modulators carry digital 
broadband information. The content to the digital RF 
modulators comes from the ATM packet handler 319. A 
networic controller 323 and an associated network data 
IH-ocessor (NDF) 325 use the VO/VFl header from the ATM 
cells to ccmtrol the ATM packet handler 319 to route the 
MPEG bit streams to the appropriate ones of the digital RF 
modulators 317. 

U.S. Pat No. 5,231,494 to Wadiob, the disclosure of 
which is incorporated herein in its entirety by reference, 
teaches quadrature phase shift keyed (QPSIQ modulation of 
a plurality of video, audio and data signals into a single data 
stream witiiin a standard six MHz channd allocation for 
transmission over a CATV type distribution network. The 
currently preferred implementation uses 64 QAM 
(quadrature an^litude modulation) or 16 VSB (vestigial 
sideband) modulation techniques in the RF modulators 317 
in the Loop Transport Intexface 300. Using 64 QAM, 4 
channels of 6 Mhits/s MFEG encoded digital video infor- 
mation can be modulated into one 6 MHz bandwidth analog 
channel Similady, 16 VSB yields 6 channels of 6 Mbits/s 
MPEG encoded digital video infonnation modulated into 
one 6 MHz bandwidth analog channel Each RF modulator 
produces a 6 MHz bandwidth output at a different carrier 
frequency. 

The 6 MHz bandwidth RF signals from tht modulators 
317 are supplied to the optical transmitter 303 for down- 
stream transmission together in a combined spectrum with 
die AM — WSB analog television signals 316. The down- 
stream transport of the digital programming is an RF trans- 
mission exactly die same as for the analog basic service 
channels, but each of the channels from the RF modulators 
317 contains 4 or 6 digitized and compressed video program 
diannels, referred to herdnafter as "slots". The 6 Mhz 
digital program channels will be carried through the fiber 
and coaxial system in standard CATV diannels not used by 
the analog basic service programming. The ONU 309 is 
essentially transparent to both the analog basic service 
channels and the channels carrying the digital programming 
and supplies all of the signals as a combined broadcast over 
the coaxial cable network 311. The optical fiber 305 from Ac 
transmitter, the ONU^s 309 and the coaxial distribution 
systems 311 therefor provide a broadcast network transport- 
ing all downstream programmiog to all subscriber premises 
serviced thereby. 

At the subscriber premises, a network interface module 
(NIM) couples the set-top device or digital entertainment 
terminal (DET) 100a to a drop cable of the coaxial distri- 
bation network 311. In this Network configuration, the NIM 
includes an analog frequency tuner controlled by a micro- 
processor to selectively receive the RF channel signals, 
including those diannels carrying digital infonnation. The 
NIM also indudes a QPSK, QAM or VSB demodulator to 
demodulate a sdccted one of the digitized program signals 
carried in one of the digital slots within a received 6 MHz 
diaimel and will perform a forward error correction fiinctioo 
on the demodulated data. The digital audloArideo signal 
processor 2125 within the DET decompresses received 
video signals, generates graphics display infonnation and 
performs digital to analog conversion to produce ouQnit 
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signals compatible with a conventional television set 100*, 
exactly as in the earlier embodiments. 

The analog tuner in the NIM will tune in all diannd 
frequendes carried by the netwo-k, induding those used for 

5 the analog broadcast services. The DET lOOc indudes a 
bypass switch or the like and an analog demodulator to 
sclectivdy supply analog signals from the basic service 
channds directly to the audio/video output trrmfnals or to 
the modulator, to provide signals to drive a standard televi- 
sion receiver. The DBT 100a therefore can be used as a 
frequency converter for reception of ftt analog signals. 

As preferred in all embodiments, each DET 100a indudes 
a remote control and/or keypad to rccdvc various selection 
signals from a user. At least in response to certain user 
inputs, such as selection of a pay per view event, the DET 
will rday data signals upstream over a signaling channd on 
the coaxial cable to the ONU 309. The actual transmission 
of any such data signals up^eam from the DET lOOa occurs 
in response to a polling of the DET by the ONU 309. The 

^ ONU 309 combines upstream data signals from the DHT's 
serviced thereby and transmits those signals upstream over 
another optical fiber 307 to an optical receive* 308 in the 
Loop Transport Interface 300. Each DET 100a may transmit 
data on a different carrier frequency, in which case the 

^ network controller knows which DET sent particular data 
based on the recdved frequency channel. Altemativdy, for 
interactive services, the DET may transmit a unique identi- 
fication code with the upstream message. 

Certain digital program signals carried on die network 
may be encrypted using encryption techndpgy and key 
codes. Details of specific encryption algorithms, the key 
codes and &e precise tedmiques for downloading the k^ 
codes to the DHT's are well known to diose skilled in the art 
and familiar with the relevant patents and literature. 

In the implementation of the network illustrated in FIG. 3, 
an ACC 4000D 331 serves as a video administration module 
(VAM). Obviously other equivalent products may be sub- 
stitutBd. The ACC 4000D or VAM performs set top man- 

40 agement and specific program access control functions. In 
particular, service profiles for each customer on the network 
and their DET's are set up and stored within the Levd 1 
Gateway 411. The Level 1 Oateway 411 may also provide an 
interface to appropriate billing systems (not shown) for 

45 some broadcast services, such as pay per view. For ATM 
broadcast services, when a subscriber first signs up, a 
portfolio of diannels subscribed to by that customer is 
established in the subscriber's profile data within the VAM 
331. Based on this profile data, the VAM will download a 

50 service map into the subscriber's DET 100a. The down- 
stream transmission portion of the network provides an 
out-of-band downstream signaling channd to the DETs, for 
example for the downloading of the service m^ infonnation 
from the VAM 331 to each DET lOOfl. This downstream 

55 signaling channd also carries signals for controlling soft- 
ware downloading and/or selection of certain channels or 
frames for decoding in interactive services. 

All digital broadcast service signals are broadcast into 
each subscriber's premises, and each DHT 100a indudes 

60 means fcH* lecdving and decoding each such digital broad- 
cast service chaimd, as discussed above with regard to FIG. 
1. The microprocessor in the DET 100a controls access to 
any of these channds based on the downloaded infor- 
mation stared in the system memory. For example, if one 

65 subscriber requests HBO, and that subscribe has paid to 
subscribe to HBO, the subscriber's DET 100a will contain 
map information instructing it to tune the RF channel and 
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select and decode the digital program slot canying HBO for provides conummications links between the Loop 'tensport 
display on tiie subscribcr*s television set 100'. However, if Interfaces 300 and the Level 2 Gateways and file servers 
a requesting subscriber has not paid for HBO» the down- 403. Castomer access to the VJP's is OHitroHed throu^ one 
loaded service map win not provide the requisite data for <^ possibly nuffe programmed co^^)uter or processor de- 
tuning and decoding of that channel s nients petforming the processing fimt^ons of the Level 1 
The iflustrated Networkalso offer, pay perview services ^f^^^ 411 A permanent ytoal draiit (PVQ c^tioner 
through the ATM broadcast program ^annels 318. A user f l^^t ''r^^J^'^'' ^? respond to signah from 
sdecrapaypervieweventb?SngtheDErioa.The J^L eh^^^orL "^^"^ ' 
DBF 10(kj transmits a purchase message upstream through J/otrA^ ^„ ^ ^ ^, ■ 
the Loop Thmspoit Inieifaee 300 to the livel 1 CSate^ lo '^T^ 1^ ^'^^'^^fi" 
4U.Iftheauth(Szatlon<Utainthesubscriber'sprofileii,the PossMevirmaichmtsthr^^ 

Level 1 Gateway iadlcates that the DET identification is LoopT^anspot Intafaoe 300 saving eadi DBF tominal of 

vaUd and the subscriber is authorized to puiduise such 'Tj'f^^ '^J'^JT^''-^'^ ' 

events,theUveIlGatewayinstnictsthevid^^er417 tTJ^^t^.^}!^^ header infoimahon and 

to authorize reception (aid provide a decryptionkey if « 

needed). In response to an ap^opriate instiuSon from the ^ J^f^ ^T^- ^l!^ 

Level 1 Gateway 411, the DET lOOa decodes the pay per s^ar data taWes »<«enhfying the transmission 

view event in essentially the same manner as far otte *^ ^ channels and mulhploted digital channel 

premium services carried on the ATM broadcast dumnels "^^^ 

318. as outlined above. If the deayption key is needed, the 20 f «f^ed by the Am pactet handler 319 ttroo^ the fib* 

Level 1 Gateway 411 actuaUy^S^ the videoma^ger f^.'^^J^^^^^.'^^^^-^^^^ 

417 to instiuct the VAM 331 to transmit the key to sJb- and the video manager 417 

saiber's DET lOOo. "'"^ define 'pomanent virtual cmniits" between the VIP's 

_ . equipment 403 and the DET's lOOo. 

THe implementation of the network illustrated in HG. 3 ^ ^ btoaObBiid interactive session, the subscriber 

also provides telephone service. Betwewi the optical net- ^ n^^fPcthA nOTinn^t^inTZrJ^ x^r^^i^^^^^ 

*«r«4r of,^ *i,o «,Kc^w«. rt.- Tnn ncf\ xm Operates the DET 100a to intCTact wifli the Level 1 Gateway 

work umt and the subscnber premises, the 700-750 MHz c*i*^ a vti> in a T»^in»»f ;1 

4U» *!. • 1 LI ^ 411 ana select a VIP in a manner similar to the operation in 

SS^rJmf ;.S^2i^„rTT P^^'^*™^ instructions from the Level 1 Gateway by activ^g the 

^^Ji^^,^!^t^^^^^^ f^t ^ jf^'^r^T 30 AIM switch 401 to establish a downstteai virtual <^ 

v.^nS?r„^T^S?$S?«^^T.f M K.^'^i' pathbetweenaportoftheWsserverandtheATM packet 

NetworkUmt(Q^U)340coupledtothecoaHalcablewhuli handler within &e Loop Ttansportlntaf ace 300 servicing a 

serves to couple two-way signals between a twisted wire *^«vk ..o,.i,i/v»iiuiB.i,»* ...vvsi^txvu^ 

pairintothehLeandrtelShonefrequencychannelson SL'*SS^'ZS IS^Xfrnl^^rT^fT* 

5ie coaxial cable 311 ^ Xne video manager 4U assigns a particular one or the 

^ . ^ . „ , . , 35 digitized video channel slots in a digital program type RF 

Cfflner frequencies used for telQ)hone services may be channel to cany the particular point to point communication, 

individually assigned to particular subscriber's CNU's. Specifically, the video manager controls tiie ATM packet 

Also Ae tdephone signal q>ectnim ts carried on the same handler 319 to route MPEG data rccovcicd from tiic ATM 

two fibers that cany the video and the upstream signaling cells for the particular point to point communication to the 

between the Loop TYan^ort Interface and tiie ONU. ^ port for one of the RF modulators 317 so tiiatttic modulator 

Upstream telephone signals are appUed from die optical ^ i^^lude the MPEG data in the assigned digital channel 

receiver 308 to a host digital tominal (HDT) 343 which ^lot within a particular 6 MHz RF channel TTie video 

provides an mterface to a standard digital tclq)honc switch manager 417 also transmits a signal downstream through the 

345. Downstream telq)h<Mic signals from that switch pass signaling channci to tiic subscriber's DET 100a instructing 

^"*!^%^c^^)Jl^l^'^^''^^^^'''^^^ 45 the DET to tune to tht particular RF diamiel and decode 

sion in the 700-750 MHz frequency range ova- tiic fiber to mPEG data from tiie specifically assigned digital channel 

the ONU 309 and the coaxial cable distribution system 311. within that RF channel. Similar dynamic assignments of RF 

In an alternate implementation not shown, the Loop channels on a CATV system to individual termmals for 

Ttansport Interface 300 would dynamically allocate tiie DSO interactive services are disclosed in U.S. Pat No. 5^0^420 

channels on tiie coaxial cable system 311 on a time-sharing ^ to HoartyctaL and U.S. Pat No. 5,136,411 to PaiketaL,ttje 

basis, in essentially the same manner as in mobile radio disclosures of which are incarporated herein in the entirety 

systems. Two additional fibers and a second optical trans- by reference. 

mittcr and recdv^- pair would carry ttie two-way telephone Concuirentiy, tiie Level 1 Gateway 411 would instruct the 

signals to and from tiie ONU 309. Because oftiie use of tiie pvc controUer 415 to control the ATM switch 401 to 

separate optical links for telq)hone service in tiiis alternate 55 establish an upstream virtual circuit for control signals sent 

inq)lementatioD ttie HDT and telephone switch need not be from tiie DET lOOo up tiirough tiie fiber-coax nctwo± and 

closely associated or coUocated witii any particular one of receiver 308 to tiie VIP's level 2, gateway. The combination 

tiie Loop TVansport Interfaces. ^f upstream and downstream, point to point channds arc 

Batteiy power for telephone service and for the various used for downloading of operating system and £^)plications 

interfaces will be ^plied through the ONU's 309 and software and for interactive service communications in 

supplied downstream over the coaxial cable. essentially the same marmo" as in flie \^dco Dial Tone 

The implementation of the network illusttated in FIG. 3 Network of FIG. 1. 

offers access to video information providers (VIP's) for As noted above, the Level 1 Gateway 411 receives status 

interactive broadband services, sudi as video on demand. and failure notifications as part of its ongoing operations. 

For archival sovices and many other interactive services, 65 TTiese functions of the Gateway 411 are quite similar to 

each VIP has a Levd 2 Gateway and some form of broad- tiiose of tiie Gateway 212 in tiie network of FIG. 1 except 

band information file server 403. The ATM switch 401 tiia the Gateway 411 receives event notifications from more 
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dements of the network. Also, in the prcsoitiy prcfcncd Overview of tiie Digital Entertainment Tcnninal 

embodiment of the network ^ FIG. 3. the function of The DHT will connect to a number of different types of 
^^fJ°'^!^^ons between the loop tra^ ^^^^^j^ ^ ^ ^^^^ ^^^^ ^^^^ ^ 
interface 300 and mdxvidnal subscribers BET s lOOc: is an ^ ^^^^^ distribution networks 
amomtic funrtion of the video ^ger 41X 5 ^^^^^^ ^^^^ ^^^^ application Scr. No. 
^""^^^P"^^^^^^^ 08y250,792 filed May 27, 1994, entitled «FuU Service Net- 
service center (VPSC). (680-080), the disclosure of which is incorporated 

The video manager monitors 417 operations of the loop herein enliiely by reference, 

transport interface 300. As part of its monitoring function, Referring to FIG. 4, for each different type of network, the 

the video manager 417 also d^enoines the status of com- DHT 2100 will include a netw(rk intoface module 2101 

munications to ead) DHT 100a As such, the video manager providing the actual physical connection to the particular 

automatically knows the status of all con^>onents between type of network. The network interface module 2101 will 

the input ports to the loop transport interface and the output perform any format conversion necessary between 

ports of the DFTs 100a. signal fonnats utilized by the network and signal formats 

A variety of known techniques can be used to dieck the f'^P^.^i^" f tf^l'^H 

status of communications t^ the individual DETs. For connectM,nsto thcrestqf thelDET. ahighbUntebnoa*^ 

. , , . , . .J, ^ . connection and a low bit rate sisnaiinc connection. The 

example, the video manager 417 could penodically transmit ^A/miovuwu <uiu a xuw uxu ^ ^ ^ , 

o<l3. /«t«w.««*;^««-^M*«^^^riTrri*wi« ♦w,,^*, a*. broadband connection is a one-way downstream only 

a status interrogation signal to eacn DKT lOOo, through the , ^ * ,.1. * . i- ^ j 

u««^ ^1 w ^^^r^^wTL^MZ ^ connection, but the low bit rate signalmg connection Is a 

out-of-band signaling channeL If currently qperable, the 20 _ . , ^ , vt < i c 

riTTT ^^c^it o ctof^c ™*.cco«A Ko^v ««ctJ^oT« two-way connecaon. In the Video Dial Tbne NetwOTk of 

DHT would transmit a status message bacK upstream ^ . ^ * j t u *^ 

thiougb the signaling channel infonning toe manag^^? of ''^^ "f^^"^ ^,^1^ 

the DET's stilus, Ig. operable but Mle or op<iahle and spondu^comiecrioiBtoanin homey^Lr^^ 

, . • A t%-.Vt> iaa -X.. , , Alternatively, the ADSL umt could be included as one or 

actively m-service. A DET lOOc detecting some problem j..^. , t.- .*u- t *». * «, ^ 

couldUsinitafaultsigoalupstreamthroughfliesignaling 25 more addiUonal chips within the DCT. In other ne^o^^ 

channel to the video ^^417, either tamediSly ii "^"^6 coaaal cable or optical fiber, the network 

response to fault detection^ in rcs^nse the next periodic ">terface module would mdude means tonuiltxplex and 

;«f™„«t;,x«u„tk»,w.4-««,,««*,*^ demultiplex signals for transmission/reception over the 

Srr^'SJe^^^ coa^LbleoSic^ 
aninterrogatio^toconlirmanyothermessagesenttothe 30 woi^d also mdudc the means to physicd^^^ 

DBTwith^apredefinedpcriodiftimeasafaSltcondition. pamcukr network. For exainplc, m a fiber to the home 

*^ *^ network, the module would mdude a means for two-way 

During the call set up processing, the Level 1 Gateway conversion between electrical and optical signals and con- 

411 may receive an indication firom the PVC controller 415 nections to one or more optical fibers for the necessary 

and/or the video manager 417 that one or both can not two-way transmission. 

establish a desired broadband connection. Hie FVC control- xhe netwoik interface module 2101 takes the form of a 

ler 415 also monitors ongoing operations of the ATM switch plug in modula In the preferred embodiment, the module. 

401, and the video manager 417 monitors communications 2IOI would be similar to a daughtw board or option card 

through the loop transpcrt interface 300 at aU times, and whidi can be plugged into a back plane of a personal 
each will inform the Level 1 Gateway 411 upon detection of ^ conq)uter (PC). In such an embodiment, typically a techni- 

any fault or intcnuption in any currentiy established broad- cian could replace the module in either the field or the shop, 

band connection. ITic Lcvd 1 Gateway 411 transmits notice iq modily a DET to connect to and communicate over a 

of an inability to establish a desired broadband session different network, and the technician would modify associ- 

through the signaling channel to the requesting DET 100*3; qxq^ commooications control software in the system 

using notices such as shown in FIGS. 2F and 2G depending memory. Alternative implementations may use a user 

on whether or not other VIP's are available to the particular replaceable cartridge type network interface module, similar 

subscriber at the time of the call If the Level 1 Gateway 411 ^ video game cartridge, which may include memory in the 

receives notice of a fault in an already established session, module for storage of ttie communications control As a 

the Gateway 411 stops accumulating billing data for that foithcr alternative, the network interface module could 
session and transmits a message regarding the failure to the ^ include a digital signal processor controlled by the CPU of 

VIP's Level 2 Gateway. The Level 2 Gateway may provide the DET and input^ou^ut connections coir^jatible with all of 

an appropriate notice to the 5ubscril>er through the signaling the digital broadband n^orks currently available. The 

link, if that portion of the session is stifl operative. downloaded operating system software stored in the system 

Alternatively, the Level 1 Gateway may transmit an appro- memory of the DET would control operations of the digital 

priate display notice to the DET 100a through the signaling signal processor to send and receive signals in accord with 

channel. the particular network the subscriber chooses to connect the 

When tiie Level 1 Gateway 411 instructs the PVC con- ^• 

troUer 415 and the video manager 417 to tear down a The DET 2100 includes a CPU 2105, comprising a 386 or 

broadband ccmmunication session, the Gateway 411 expects 456 miaroproccssar 2110 and associated system memory 
responses ftom both of those controllers 415, 417 within a 60 2120. The system memory 2120 indudcs at least 2 mbytes 

predetermined time interval If dtha the PVC controller 415 of volatile dynamic RAM 2122 and 1 mbyte of non-volatile 

or the video manager 417 does not respond within the RAM 2121. The microprocessor 2110 includes a small 

predetermined time interval, the Level 1 Gateway 411 will amount of ROM (not shown) string "loader^ programming 

send an ABOKT message to the non-responsive controller needed to control wake-up. An EPROM memory (not 
415 or 417 to cancel the nriginfli session establishment 65 shown) also may be added. 

message, and the Gateway 411 will also record the failure in A digital audioMdeo signal processor 2125, controlled by 

an alarm file. the CPU 2105, produces digital uncon^)ressed audio and 
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video sigoals from the audio and video MPEG encoded selected pixels thoeofrqdaced with gr^hics or textual data 

packets received from the network thr<mgh the interface display pixels specified by the gr^hics ovedy controller 

module 2101. The audio/video processor 2125 induct an 2133. In Ihis last situation, the graphics ovalay controller 

MPEG system demultqHexcr 2127, an MPEG video decoder would deactivate the backdrop plane. 

2129, an MPEG audio decodra- 2131, a graphics overlay 5 jhe DET also inchides audio and video digital to analog 

controller 2133 and at least two frames (e.g. 8 mbytes) of converters and appropriate drivers to produce output signals 

video RAM 2135. con^)atihle with a conventional television set Specifically, 

The MPEG system demultiplexer circuitry 2127 recog- the convcrtea' and driver circuitiy of the DET 2100 includes 

mzes packets in the MPEG data stream rccdved over (he audio digital to analog converters (DAC*s) 2135^^ 2135j^ an 

broadband channel through the network interface module audio mixer 2136, an NTSC encoder 2137, and an RF 

2101 and routes the packets to the ^}propriate conqyonents modulator 2139. 

of the DET. For cjsmplc, the MPEG sy^an demultiplexer jhe DAC's 2135^^ and 2135„ receive the oncomprcssed 

2127 circuitry recognizes audio and video padats in the left and right digitized audio signals ou^ut by the MPEG 

MPEG data stream and routes those pacJcets to the decoders audio dccoda- 2131. In response, the DACs 2135^ and 

2129, 2131, rcq)ectively. 15 2135^ produce baseband analog audio signals for ou^ut to 

The MPEG video decode 2129 decompresses received indivi<hial baseband ou^t tcraiinals. The audio mix^ 2136 

video packet signals to produce a digital video signal, and also receives the baseband audio signals from the DAC's 

tiie MPEG audio decoder 2131 decompresses received audio 2135^ and 2135^^ The mixer 2136 combines the left and 

packets to produce left and right digitized stereo signals. For right analog audio signals to produce a monaural audio 

at least somefunc^ons, the MPEG decoders 2129, 2131 may ^ signal as the audio input to modulator 2139. 

be controlled in response to signals from the microprocessor The NTSC encoder 2137 also performs a digital to analog 

2110. The MPEG video decoder 2129 will internally include converter (DAQ function. In response to ttie digitized video 

at least two frames (e.g. 8 mbytes) of RAM (not separately ©u^ut signals from the video RAM 2135, the NTSC encoder 

shown) for use as a frame reorder buffer daring the MPEG 2137 produces a baseband analog video jgignal in standard 

video decoding process, and the MPEG audio decoder 2131 ^ NTSC format The baseband NTSC video signal is supplied 

also may include some buffer memory. to an ou^ut terminal of the DET 2100. The basdiand NTSC 

The video RAM 2135 is not a specialized "video RAM" video signal is also supplied to the RF modulator 2139. ITie 

as that term is sometimes used in the television art Tht RF modulator 2139 responds to the mono audio signal, the 

RAM 2135 is actually a standard digital data RAM, of NTSC video signal and an RF signal from a local RF 

^propriate size, which is used in tiie DHT to store digitized oscillator 2141, to produce a standard RF television signal 

frames of video data. ITie RAM within the MPEG video on an available TV channel, typically channel 3 or channel 

decoder 2129 likewise consists of standard digital data 4. 

I^AM. Xhe type of connection of the DET 2100 to the television 
The graphics display generator produces displays of text ^ set d^nds on the capabilities of the user's television set If 
and graphics data, such as the initial turn-on selection menu the user has a monitor type television capable of receiving 
received over the signaling channel, in response to instruc- baseband video and st^eo audio inputs, die appropriate 
tions from the CPU 2105. The video RAM 2135 sequentially terminals of the television would connect directly to the 
receives each fr^e of digitized, uncompressed video video and audio ou^ut tcnninals of the DET 2100. If the 
information, as output from the MPEG video decoder 2129. ^ subscriber docs not have such a television monitor, then die 
Hie video RAM 2135 also receives digital information and RF output of the modulator 2139 would be connected to the 
leadAvrite control signals from the graphics oveiiay con- cable or antenna input connection of the television, e.g. by 
troller 2133 representing the several planes of text and coaxial cable. Alternatively, the digitized video and audio 
graphics information and combines that information with the may go to separate output tcnninals (not shown) for con- 
frames of decompressed video to produce composite video nection to inputs of digital display devices, for example, for 
frames. high definition television (HDTV) sets. 

The graphics overiay controller 2133 and the video RAM In the embodiment illustrated in FIG. 4, the DET 2100 
2135 actually cooperate to manipulate five different planes includes an infrared (IR) receiver 2145. ITie (IR) receiver 
of video information, four of which can be active at any one 2145 responds to inputs signals from a user operated IR 
time, to produce the composite video fame output signals. 50 remote control device (not shown) similar to that used today 
The individual planes conqxrise the decoded MPEG video for controlling televisions and video cassette recondo-s. In 
frames, a cursor, two graphics/text image planes manipu- response to the IR signals, the receiver 2145 produces 
lated by the microprocessor 2110 and a backdrop plane. The corresponding digital data output signals. The miaoproces- 
backdrop plane would be switched in to replace the plane sor 2110 interprets the digital data signals by the IR receiver 
representing the decoded MPEG video frames, e.g. to 53 2145 as input commands. The precise interpretation of 
present a blue t>ackground instead of the MPEG video specific conunand signals can vary based on the downloaded 
background. applications programming and/or operating system software 
When there are no gr^hics or text, the composite frames stored in the system memory 2120. In response to the input 
would correspond cntirdy to the uncompressed received commands, the microprocessor 2110 controls cursor posi- 
video frames output by the MPEG video decoder 2129. 60 tion and alphanumeric information displayed as graphics 
When no received video frames are to be ou^ut, either when ^d text on die associated television set The micropiocessor 
none are received or when they are to be entirely replaced, 2110 will also respond to an appropriate input command 
die information from the graphics overlay generator 2133 £n>m the user to formulate a message for upstream trans- 
would specify a background and the active planes of text or mission though the network interface module 2101 and the 
graphic information. When received video frames are com- 6S signa li n g channel of the paitic^ilar connected network, 
hined with text and/or graphics, the composite video frames The DET 2100 of the preset inv^itioa may also indude 
include the uncompressed received video frames with a number of additional interface devices. In the example 



04/21/2004, EAST Version: 1.4.1 



5,6: 

29 

illustrated in FIG. 4, the DET 2100 includes an IR trans- 
mitt^ 2147. The transmitts 2147 responds to digital data 
signals from the microprocessor 2110 and outputs corre- 
sponding IR signals for wireless transmission. The IR trans- 
mitto- 2147 and IR receiver 2145 may operate together to 
jHX)vidc a two-way wirdcss data cammunication link to 
some mnote device, such as a personal data assistant (PDA) 
or pocket organizer or a sophisticated TV controller. A PDA 
or TV controller may be used to select channels, issput data 
for upstream transmission and/or control of the NIM. 
Altemativeiy, the IR transmitter may send signals to a 
remote display device for use in a service not requiring the 
TV set For example, in an audio on demand service, the IR 
transmitter would srad display data to an LCD display 
located near the user's stereo system. 

The illustrated DET also inchides an RS-232 transceiv^ 
2151 connected to the microprocessor 2110. An RS-232 port 
is a standardized two-way serial data interface typically used 
for connecting computers to peripboral devices, such as 
modems. Id the present system, the RS-232 transceiver 2151 
might provide a serial data connec^on to an external per- 
sonal computer (PQ, sudi that the DET permits communi- 
cations between the PC and the \^deo Dial Tone network 
Alternatively, this port migjit connect the DET to a printer, 
e.g. to print coupons during home shopping/browsing ser- 
vices. A hand-held diagnostic tenninal would also connect to 
this port during servicing of the DET. The communications 
and protocols offered by die DET through the transceiver 
2151 would be controlled by the operating system and 
qiplications program software downloaded into the system 
memory 2120. 

FIG. 4 also shows the DET 2100 including a magnetic 
card reader 2153 connected to the microprocessor 2110. This 
reader 2153 could be used to scan credit card informatioD 
encoded on magnetic strips on commonly avaUafalc credit 
cards. In a home shopping and purchasing service, con- 
trolled by the downloaded software, the user would scan 
their own credit card through the magnetic card reader 2153 
as part of the payment opaations. The reader could also 
have magnetic write capabilities to poform debit card 
operations. 

The illustrated DET 2100 further includes a personal 
computer memory-card interface adapter (PCMCIA) port 
2155. This is a two-way intoface for connection to and 
communication with a flash memory module, sudi as is now 
incorporated into advanced "smart canT devices. In a medi- 
cal service, a user might communicate with a medical 
information database through die DET 2100 and the broads 
band network. Hie user's personal medical history informa- 
tion could be read from the smart card and subsequently 
i^pdated on the smart card, through the PCMCIA port 2155. 
Another use of this port might involve communication to a 
connected video game system to download video game 
software to the video game system and/or play interactive 
video games. Although specified as a '^memory" port and 
mapped by the CPU as part of its system memory space, the 
devices connected to diis port 2155 can have other data 
processing capabilities, e.g. buffering and modem commu- 
nication capability. 

Hybrid Fiber— Coax— Wireless Distribution 

FIG. 8 illustrates wireless premise distribution according 
to another embodiment of the invcntioiL Referring to FIG. 8 
there is shown at 500 a premise connection to a drop cable 
of a coaxial distribution network such as the network 311 in 
RG. 3. In FIG. 8 a coaxial drop cable oonnecdon 500 is 
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made to a premise Network Interface Module (NIM) 502 
which is preferably located proximate the entry of the cable 
500 to the premise. The NIM contains one or more Wireless 
Signal Processors such as Wireless Signal Processor (WSP) 

5 1 shown at 504 and WSP N shown at 50<i. The NIM contains 
a number of such units equalling the numba of premise 
television sets intended to be capable of independent choice 
of and interaction with the program and data content enter- 
ing the premise via the connection 500. FIG. 8 illustrates two 
such television sets TV 1 and TV N, each connected to its 
own Transceiver/Digital Entertainment Tbrminal (DET) 508 

and 510. ^ ^ 

The Wreless Sign al Ptocessor (WSP) x502 indudes an 
analog frequency tuner,512^ controlledJ )y a microj^ocessGr 

j3 514 to selectivdy receive the RF chaimefH^ials, including 
those channds carrying digital information. The tuner 512 
selects a 6 MHz channel or slot whidi contains four or more 
digitized and compressed video program and/or control 
chaimels. The tuner will tune in all chaimel frequencies 

2Q carried by the network, including those used for the analog 
broadcast services. According to this embodiment of the 
invendon the out put of the UmgjSCis fed to a freq uency 
hopping Code Iffidsion_Multi ple ^Access (CDM A)spread 
spectrum ttansmitter 516. T his transmitter indudes a spread 

25 spectnflffgenerator andup.converterSi^ ^ ^^^ is^ imected 
to a local oscifiSg^or_g yntfa^zer5201yfiich op ggtes in a 
frequency range to achieve the desired dg g ree dflTp co n- 
version of th e W signal fro m the tung^for on premise 
wireless distortion:— ^ — 

30 The frequency of die local osdUato- or syndiesizer 520 is 
controlled by a code which establishes the frequency hop- 
ping path for each signal fed to the up converter spread 
spectrum generator 518 by the tuner 512. It will be under- 
stood diat each signal is provided widi a unique code. Each 

35 code establishes a pseudo-random repetitive, periodic pat- 
tern which is known both to the spread spectnmi generator 
and to the spread spectrum receiver. The output of the spread 
spectrum generator or up converter 518 is then fed to a 
transmitter amplifier 522 and to an antenna 524 for broad- 

40 cast within the premise. 

Spread spectrum communication systems can be imple- 
mented as multiple access systems in a number of different 
ways. One type of multiple access spread spectrtmi system 
is a code division multiple access (CDMA) system. CDMA 

43 spread spectrum systems may use direct sequence (DS- 
CDMA) or frequency hopping (FH-^DMA) spectrum 
spreading techniques. FH-CDMA systems can fmther be 
divided into slow frequency hopping (SHF-CDMA) and fast 
frequency hopping (FFH-CDMA) systems. In SFH-CDMA 

SO systems, several data symbols representing a sequence of 
data bits to be transmitted modulate the carrier wave within 
a single hop; in FFH-CDMA systems, the carrier wave hc^s 
several times per data symboL 
In a SHF-CDMA system, multiple conmmnication chan- 

55 nels are accommodated by the assignment of portions of a 
broad frequency band to each particular channel. For 
exainple, a communication between two communication 
units in a particular communicarion channd is acc<xxiplished 
by using a frequency synthesizer to generate a carrier wave 

60 in a particular portion of a predetermined broad frequency 
band for a brief period of time. The frequency synthesizer 
uses an input spreading code to determine the particular 
frequency from within the set of frequencies in the broad 
frequency band at v^cfa to generate the canler wave. 

65 Spreading codes are input to the frequency syndiesizer by a 
spreading code generator. The spreading code generator is 
periodically docked or stepped through different transitions 
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which causes different or siuftcd spreading codes to be 526 are illustrated it wiU be understood by those skilled in 
oulput to the frequency synthesizer. Therefore, as the the art that a common antenna may be utilized, 
spreading code generator is perio^cally cloc^ the carrier Referring to HG. 9 there is shown a DKT 1218 suitable 

TfTf^nrr^hWo'^H^ foruseintheDETportionoftheTWeivcx/DEI^SOgand 
of the frequency band. In addition to hopping, the earner s cin thp nvr t>18 in/.inH«> a rmi fine ^rr^^^r. « -ao^ 

wave is inSduIated by data symbols lepresSting a se^^^ SlO^TOe DET U18 mdu to 

of databits tobetraJmittcd. AcomiXSeof carried wave -^'^"^fT'''^ ^^Lf^ "^i^^^, 

modulation used in SFH<3>MA syst^ is M-ary fre. ^'Z"^ "^T^^^^ 

quency shift keying (MFSK), where Llog^ data syinbols ^ ^ non-volatile 

areuscdtodeteiii^ewMchoneof theMfrequendesisto I^^L TJ^c nncro^or ^^^^ 

be transmitted. of ROM (not shown) storing "loader" programming needed 

X*. 1 • ^ 1 1. . ^ t to control wake-up. An EPROM memory (not shown) also 

Multiple communication channels are allocated by using ^ j \ / 

a plurality of spreading codes. As a result, transmitted * * , ^. - ^ . , „ , . 

signals are in the same broad frequency band of the com- ^ ^i^}^,!?*^^^ ojntrolled by 

municationdiannd, but within unique portions of the broad 15 ^ *f uncomprwsod audio and 

frequency band assigned by the umquT spreading codes. video signals from the audio and vidoo MPEG encoded 

Tbcse unique spreading codes preferable are orthogonal to P^^f i!^^!^ from the network thioug the interface 

one another such that the ooss^dation between the ^±!f audioMdeoprooessOT 825^ ^ an 

spreading codes is approximatdy zero. Particular transmh. system demultiplexer 827 an MPEG video decoder 

tedsignalscanberctricvcdfromthecommunicaliondiannd ^ ^ ^""^^ ^ ^^"^ """^^^ 

by dcspreading a signal representative of the smn of signals ^f^l'l^l^ ^ ^ 

in the commnoication diannd wifli a spreading code related RAM 835. 

to ttie particular transmitted signal which is to be retrieved MPEG system demult5)lexer circuitry 827 recog- 

from the communication channd. Farther, when the spread- packets in the MPEG data stream recdved over the 

ing codes are orthogonal to one another, the received signal 25 '^^^adband channel through the transport interface module 

can be correlated with a particular spreading code sudi that *® packets to the appropriate coinponents 

only the desired signal related to the particular spreading example, the MPEG system demult^Icxcx 

code is enhanced while the other signals are not enhanced draiitry recognizes audio and video packets in the 

According to the preferred embodiment of the invention, MPEG data stream and routes those packets to the decoders 

frequency hopping spread spectrum is utilized. 30 ^^*^» ^^l* respectivdy. 

The use of spread spectrumfor the on premise distribution .^h^ MPEG video decoder 829 decompresses recdved 

of the invration presents numerous advantages. A primary video packet signals to produce a digital video signal, and 

advantage is the dilution of the signal enagy so that while ^ MPEG audio decoder 831 decompresses received audio 

occupying a large bandwidth, the amount of power density packets to produce left and right digitized stereo signals. For 

present at any point within the spread signal is very slight 35 ^ some fimctions, the MPEG decoders 829, 831 may 

The dilution may result in the signal being bdow the noise ^ controlled in response to signals from the microprocessor 

level of a conventional receiver, and thus invisible to it, 810. The MPEG video decoder 829 will intanally include at 

while it can be received with a spread spectrum recdvei: frames (e.g. 8 mbytes) of RAM (not separatdy 

Another advantage is that the spread spectrum recdvcr can shown) for use as a frame reorder buffer during the MPEG 

reject strong undesircd signals whflc providing high quality 40 decoding process, and the MPEG audio decoder 831 

reception of the signal having the corxect spreading i^^chide some buffer memory, 

sequence. Mult^le spread spectrum systems can operate The video RAM 835 is cot a spedalized ^deo RAM" as 

independently of each other within the same band. Thus that tenn is sometimes used in the tdevision art The RAM 

multiple independently tuned tdevision sets may operation 8^ is actually a standard digital data RAM, of apprqsriate 

without interference within the same premise and in adjoin- 45 which is used in the DET to store digitized frames of 

ing premises. video data. The RAM within the MPEG video decoder 829 

As described hereinabove in the desaq)tion of the hybrid likewise consists of standard digital data RAM. 

fiber coax network of FIG. 3, the DET associated with the The gr^hics display generator produces displays of text 

TV set may transmit upstream messages of varying types. and gmpfaics data, such as the initial turn-on selection menu 

According to this embodiment of the invention those signals so recdved over the signaling channel, in response to instcuc- 

are transmitted by the Transcdver^BT as CDMA spread tions from the CPU 805. The video RAM 835 sequentially 

spectrum signals. These signals are received by the ^rdess recdves each frame of digitized, uncompressed video 

Signal l^ocessor antenna 526 which is connected to a information, as ou^ut from the MFCG video decoder 829. 

despreader and down converter 528. The despreader and The video RAM 835 also recdves digital information and 

down converter 528 is located in the recdver portion 530 of 55 read/write control signals from the graphics overiay con- 

tfae transcdver constituted by the transmitter 516 and troller 833 representing the several planes of text and 

receiver 530. The despreader down converter 528 provides graphics information and combines that Information with the 

an upstream input to the microprocessor 514 which in turn frames of decompressed video to produce composite video 

delivo^ the upstream control signals to the coax connection frames. 

500 through a quadrature phase shift keyed (QPSK) modu- 60 The graphics overiay controller 833 and the video RAM 

lator 532. Downstream signaling may be ddivered over the 835 actually cooperate to manipiiBtp. five different planes of 

coax connection 500 in the signals tuned by the tuner 512. video information, four of which can be active at any one 

This signal transmission is described hereinabove and in time, to produce the composite video frame output signals. 

U.S. Pat Nos. 5,220,420 and 5,136^11 there referenced The individual planes conqmsc the decoded IVIPEG video 

These signals are delivered with the diannd or slot sdected 65 frames, a cursor, two graphics/text image planes manipu- 

by the tuner 512 to the CDMA spread spectrum transmitter lated by the microprocessor 810 and a backdrop jdane. The 

516. While separate transmit and receive antennas 524 and backdrop plane would be switdicd in to replace the plane 
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representing the decoded MPEQ video firames, e.g. to a standardized two-way serial data interface typically used 

present a blue background instead of the MFEG video for connecting con:q)ater5 to peripheral devices, such as 

background. modems. In the present system, the RS-232 transceiver S51 

When there are no gr^hics or text, the composite frames mig^t provide a serial data connection to an external per-, 
would conespond entirely to the uncompressed received 5 sonal computer (PC), such that the DET permits communi- 

video frames ou^ by the MPEG video decoder 829. When cations between the PC and the Video Dial Tone network, 

no received video frames are to be output, eitfaer when none Alternatively* this port mig^t connect tiie DET to a printer, 

are received or when they are to t>e entirely replaced, the e.g. to print coupons during home shopping/teowsing ser- 

information from the graphics overlay generator S33 would vices. A hand^ield diagnostic terminal would also connect to 

specify a background and the active planes of text or gr^jhic this port during servicing of the DET. The communications 

infcmnation. When received video frames are combined and protocols offered by the DET through die transceiver 

with text and/or graphics^ the composite video frames 851 would be controlled by the operating system and 

include the onconqiressed received video frames with ^plications program software downloaded into the system 

selected pixels thereof replaced with graphics or textual data memory S20. 

display pixds specified by tire grq)hics overly controller pjQ 9 gj^Q^g 1218 including a magnetic 

833. In this last situation, tiie graphics overlay controller ^ j^j^ 553 connected to the microprocessor 810. This 

would deactivate the backdrq? plane. 353 be used to scan credit card information 

Under certain circumstances, the video RAM 835 also encoded on magnetic strips on commonly available credit 
serves to freeze video frames. For exany)le, when a video cards. In a home shopping and purchasing service, con- 
transmission ends for some reason, the RAM 835 will trolled by the downloaded software, the user would scan 
contain the video and associated graphics information for their own credit card through the magnetic card reader 853 
tiie frame last received and displayed. The DET can continue as part of die payment operations. The reader could also 
to ou^ut this frame as a still video output signal for some have magnetic write c^bilities to perform debit card 
period of tone. operations. 

The DET also includes audio and video digital to analog ^ The illustrated DET 1218 furtiicr indudcs a personal 

converters and appropriate drivers to produce output signals computer mcmoiy-card interface adapter (PCMCIA) port 

compatible with a conventional television set Specifically, 855. This is a two-way intafacc for connection to and 

the oonvertCT and driver circuitry of the DET 1218 includes communication with a flash memory mod4c, sudi as is now 

audio digital to analog conveiters (DAC's) 935^ 835^, an incoxporated into advanced "smart card" devices. In amedi- 

audio mixer 836, an NTSC encoder 837, and an RF modu- cal service, a user mi^t communicate with a medical 

lator 839. information database tiirough the DET 1218 and the broad- 

Thc DAC's 835^, and 835^ receive the uncompressed left band network. The user's personal medical history informa- 

and right digitized audio signals output by tiic MPEG audio tion could be read from the smart card and subsequcntiy 

decode 831. In response, the DAC's 835^ and 835^ produce updated on the smart card, through the PCMCIA port 855. 
baseband analog audio signals for output to individual 35 Another use of this port mi^t involve communication to a 

baseband output terminals. The audio mixer 83<5 also connected video game system to download video game 

receives the baseband audio signals from the DAC's 835^ software to the video game system and/or play interactive 

and 835jf. The mixer 836 combines the left and rigjit analog video games. Although specified as a **mcmory" port and 

audio signals to produce a monaural audio signal as the mq)pedbytheCPUaspartof its system memory space, the 
audio input to modulator 839. ^ devices cormected to this port 855 can have other data 

The NTSC encoder 837 also performs a digital to analog processing capabilities, e.g. buffering and modem commu- 

converter (DAC) function. In response to the digitized video nication capability. 

output signals from the video RAM 835, tiie NTSC encoder In the current implementation, the PCMCIA port 855 will 

837 produces a baseband analog video signal in standard carry 6 Mbits/s of f<afa, but the port can be designed for 
NTSC format The baseband NTSC video signal is supplied 45 higjicr speeds sudi as 20 Mbytcs/s. Another use of this port 

to an ou^ut terminal of the DET 1218. The baseband NTSC would be for connection to an Ethernet card or odier Local 

video signal is also supplied to the RF modulator 839. The Area Network (LAN) card to pomit data conmmnications 

RF modulator 839 responds to the mono audio signal, the between the DET and one or mere coiiq)uters. The DET 

NTSC video signal and an RF signal frt>m a local RF wouldprovidethecomputers with communications services 
oscillator 841, to produce a standard RF television signal on 50 through the tsroadband network, for example to receive high 

an available TV cfaarmel, typically channel 3 or diaimel 4. speed downloads of new or updated software for those 

The DET 1218 of the present invention may also include con^uters. Although similar functions are possible through 

a numbo* of additional interface devices. In the example the RS-232 transceiver 851, the data rate through the PCM- 

illustrated in FIG. 9, tiie DET 1218 includes an IR trans- CIA port 855 is much higher. 

mittcr 847 that responds to digital data signals from tite 55 FIG. 10 depicts a TIM (Transport Interface Module) 1216 

microprooessor 810 and outputs corresponding IR signals for interfacing die DET 1218 to tiic Ttanscdvcr portion of 

for wireless transmission. The IR transmitter 847 and IR theTVansccivo/DETs 508 and 510 as shown in FIG. 8. The 

receiver 845 may oprntc togctlier to jH-ovide a two-way structure illustrated is based in part on ttie pref cxcncc for flic 

wireless data communication link to some remote device, QAM modulation techniques for the digital video 
such as a personal data assistant (FDA) or pocket organizer. $0 (broadband) signals and QPSK modulation techniques for 

Alternatively, the IR transmitter may send signals to a the upstream signaling data (narrowband) signals in the 

remote display device for use in a sovicc not requiring the disclosed netwcdc as used in this embodiment of the inven- 

TV set For example, in an audio on demand service, the IR tion. The input to the TEM 1216 is the spread spectnnn signal 

transmitter would send display data to an LCD display transmitted by the NIM antenna 524 and received by tiie 
located near the user's stereo systenL $5 TIM antenna 1200. The baseband audio video signals are 

The illustrated DET also includes an RS-232 transceiver selectively supplied as alternate outputs to the baseband 

851 connected to the micrqxrocessor 810. An RS-232 port is ou^ut terminals and as alternate inputs to the RF output 
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modulator 839 (see FIG. 9). The QAM demodulator Uock programs avaflahlc through flic system. For each program 

peifomis adaptive equalization, demodulation and forward service, the m^ indudes information defining a logical 

enor correction on signals in the digital channel slot selected network charmel numbo* for the progranL Hie logical cfaan- 

by the RF tuner 512 in FIG. 8 and outputs a corrected serial nel number is the diannel the DET will display on a front 

baseband digital feed. The decryption processor 1207, when 5 display (not shown) or on the screen of the associated 

properly authorized by the video manager and the ACC- television and is the numbo" that the user uspnts via die 

4000D in FIG. 3. decrypts packets identified by selected remote control to select the program. For each program, the 

MPEG PIDs, as directed by the DET microprocessor, via the ^ indudes RF channel infor m ation needed to tune to 

digital recdverintafacc 1203 and the TIM controller 1210. ^ channd carrying the program and the program 

Hie conqwsite MPEG transport multiplex wift appropri- lo ^ uniqudy identifying the program within die 

atdy decrypted conqwncnts is ou^t from the TIM 1216 to niulM«cd digital transport stream, 

the host DEr*s danultiplcx and deconmrcssion circuitry as the usa selects a digital broadcast program, flie 

shown in detail in FIG. 9. microprocessor 810 in the main portion of tiie DET accesses 

m the illustrated prefeired embodiment, communication ? ^ ^ "^P '^^^^flie 

between the host microprocessor 810 and the TEM 1216 is 15 despreadmg code table stored m the system memory 820. 

via a dual port memory connected as flic TIM/DET interface I^^r'^T'*^ ^^^^^ messa^contommg ±c 

1209 shown in FIG. 10. The shared mcmoiy provides eUP<l»amidf^ 

mailboxes and buffa regions whidi are used to Wfer ™ «>^^^« T^"^ JSi^?'" 

messages and commands between the host microprocessor ^ "^^^ "^T^f ' ™ 1210 achates the 

and the TIM U16. Messages passing through tins link ^ ^^^l^f^^ synthesizer 1213 to syn<^onize tfie frequency 

indudeintcracdvetraffictothelevd 1 and2gatew^^ code fed from the memory 820 teough the imao- 

control commands, spedfication of appio^iale HDs for f^^^ ^^^^ ^^V^^"^' ^^n^f^"^ ^' 

decryption, general housdceeping dataTfte tocsizcr feeds Ac code to the (te^ 

tttV;,/, 7 . . ,.1 delivers the sdected channd to the LPF in the digital 

n^^'^'^J?^'^,^^^ 25 rccdver 1203. Iftheprogramis encrypted, theTIM uses toe 

TTM 1216. TTie structure illustrated is based m part on the ^ program number, thepro^am assodation table in Ae padiet 

current prdcrencc for the 64 QAM modulation tedmiques identified by FED 0 and the program map to idoitiJfy the 

for the digital vidw ^gnals in transmission system of the ^ ^^^^^ ^^^io, video and data (if any) for the 

typeshown m FIG. 3. TTie mput to the TEM is a spread authorized to recdve the program as indicated 

sp^ivm signal whidi is down converted to the 50-450 the renewable security device 1211, the deayption 

^fflz range in die despreadcr 1201. The despreader 1201 ^ 1207 uses a deayption key from its memory or from 

sdcds a specific 6 MHz diannd from the hroadtaid mpirt renewable security device 1211 to desaamble the infor- 

spcctrum undy control of the frequency synthedzer 1213 ^ ^ the sdected 

and presems it at an mtermediate fr^uency to the digital program. As a result, the TIM 1216 passes digital signals 

commumcations receiver section 1203. ^ ^^^^ ^^^^ ^ 

The digital receive 1203 indudes a low-pass filter, a system demult5>lexex 827 in the main portion of the DET 

demodulator (e.g., 64 QAM), and forward cnor correction wherein at least the information for the sdected program is 

circuitry. A clock circuit provides synchronization for the now in unencrypted form. 

digital output of the demodulator, dcsprcader, and the for- xhe MPEG danuMplexcr 827 supplies information from 

ward error correction drcuiUy. 40 the FID 0 packet, i.e. the program assodation table to die 

A control interface provides s^jpropriate control signals to CPU 805. The microprocessor 810 uses the program number 

the dements of the digital recdver 1203 in response to (PN) from the channd map stored in system memory 820 to 

instractions torn the transport interface module CITM) con- identify the FID value fox the correct program m^ from the 

troUer 1210. The digital receiver processes signals sdected program association table. The CPU 805 supplies that FID 

from one of the RF channds is input to it to capture one of 45 value to the MPEG demultiplexer 827. When the MPEG 

the digital transport streams (e,g. 27 Mbits/s payload assum- demultiplexer 827 recdves a packet containing that FID, it 

ing 64 QAM). The digital processor outputs the transport supplies information from the packet identified by the PID 

stream as a corrected serial baseband digital feed. (the program m^) to the CPU. Erom the program mapt the 

A decryption module 1207 is optional If induded, diis CPU identifies die FID values for the video and audio for the 

module controls access to digital broadcast services. Ilie 50 program and instructs the demultiplexer 827 to supply those 

decryption module 1207 comprises a decryptor and an packets to the respective MPEG decoders 829, 831 to begin 

interface to a renewable security device 1211. The renew- MPEG decoding of the sde(^ program for presentation to 

able security device 1211 may be a card reader for accepting the user via the associated teleWsion set 

a TV Pass Card. An access control processor within die A frequency agile QPSKtransmitt^ 1215 rdays upstream 

decryption module 1207 controls the operation of the 55 signaling received from the TIM/DET interface and TIM 

decryptor. When properly authorized, die decryptor in mod^ controller to tbe upstream up converter/spread spectrum 

ulc 1207 decrypts payload data within packets of a sdected generator 1217 whidi is under the control of frequency 

program in the transport stream. The composite MPEG synthesizer 1219 and TIM controller 1210. The signals from 

transport multiplexed with appropriatdy decrypted ooiiq>o- the TIM controller are processed in the MAC/Ciypto Coo- 

nents for the sdeoed program is output from the TIM 1216 ^ troHcr 1225 which performs ^jpropriate medic access 

to the host DET*s demultiplexer 9X7 and deconqiression control, i.e., access allocation and protocol conversion. A 

circuitry as shown in detail in FIG. 9. The TIM controller transmitter 1221 transmits the spread spectrum signal to die 

1210 and/or die decryption module 1207 receive instructions antenna 1223. 

from die CPU 805 (FIG, 9) as to channd and program Referring to HG. Utfiere is shown a block diagram of yet 

selections via die TIM/DET intoface 1209. ^5 anottier enbodimeni of die invention. According to diis 

Hie system memcfy 820 cf the main portion of die DET embodiment ^ead spectrum wireless distribution is uti- 

1218 will store a rbannel map for the digital broadcast lized within a premise to provide the unique on premise use 
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advantages as described herembefore in dttaH in connection 1210 and MAC/cry|^o controller 1225. Hie upstream con- 

witfa the embodiment of FIG. 8. In the embodiment of FIG. trol signal from the QPSK transmitter is transmitted by the 

11 the program signal transmitted by spread spectrum on the up convener transmitter 2142 which contains the ap con- 

premise oonstitntes the signal selected by the viewer rattier verter spread spectrum generator 1217 and transmitter 1221 

than multiple program signals which are subject to further 5 illustrated and described in FIG. 10. This spread spectrum 

selection at the set tap. This permits the use of smaller and is transmitted via the antenna 3132 to the receive 

less complex TV set top boxes or modules. The userpremise antenna 3144 of the transponder 3018 in FIG. 11. 

intaface and distribution equipment may be concentrated at _^ « ^ — • t j 1 ^t^^ ^a^* 

a convenient locale pro^SaSe the cable entrance to the , ^'^u^^^^^'f^'l ModukJOM) 502 

premise, such as in the basement era utility room. As in the ,^ fQrinterfaj^gwi^dieNCT3016as sh^^ 

preceding embodiment of FIG. 8, the set top box transmits sniicture mustrated is b^^ 

an upstream signal for control purposes. modulation techn^« for the digitol video (broad 
RcfeningtoHG. 11. there is shown a drop line 500. such ^.^) "gnals and the QKK modulation tectoquete 
xwitdaiug ^ux^i^. ui^^^ia imuwu amupiii«,.jt^, ouuu gigualmg data (narrow band) signals in the disclosed net- 
as die drop line of the same number previously described in 1, tS^ . \» *!. xTTi* ■ I J w J • 1 

r^T.r.^r^Ji rx^tu CTr fi aU« in xTifi ^ Th,. woTt The uiput to thc NIM IS 3 faToad band RF signal 

connc^on with HG. 8 and f o s^wn m FIG. 3. Tbe di^ ,5 provided from the coaxial distribution drop. Tlic tuner 901 

respect to FIG. 3. The CNU is connected to a Network flj „♦ 

IntSace Module (NIM) 502 which interfaces to a Network ^f^A^^^ 

Entertainment Tenninal (NET) 3016. TT.e NET is generally coinmumc^ons section 903. An adfitiOMl IF ot^ 

siiiiilarto the Digital EnirtainUtTenmnaipBlf of HG. ^ ^^J'^^nT^r^.S "^"^^ 

ft * • ^ • * 1. ^ -u J rrt. ^ Although illustrated as part of the NIM, the demodulator 

9 but contams certam modifications to be described. Hie u T i« *a a i ». ♦ xnyr 

NetworkEntertainment Terminal is connected to provide an ^^^^ ^ ^ ^ 

input to a spread spectrum transceiver 3018 and antenna demodulator block performs adaptive 

3120. According to this embodiment of the invention the equalization, demodulation and forward error correction on 

signal transmitted from the antenna 3120 is a CDMA spread „ signals in a specified one ofthe digital channel slots from the 

spectrum signal carrying the program selection made by the ^ ^^^"""^ ^ corrected serial base band 

user of fee television set 3122. decryption processor, if used, decrypts 

Thetelevisionset3122isprovided withanEntertainment Pfc^idcntified by selected MPEG PIDs. as to^ctod by 

Control Terminal (ECT) 3124 which may include an IR ^ microprocessor, via the host interface 909 and the 

r^e control unit 3126. The IR remote introl unit 3126 30 ^ '^^ ^^^^ 

in turn may be controlled by a conventional IR remote ^ 

controUer 3128 for selecting entertaimnent desired by from the NIM 502 to the host I^'s demultiplex and 

the user. TTie Entertaimnent Control Terminal is connected decompression oroutry in thedi^Ud audio^deo prxxressor 

tothespreadspecarumtransponder3129havingreceiveand ^^^S as shown in d^ m FIG. 14. 

transmit antennas 3130 and 3132. respectively. As will be 35 ^ illustrated preferred embodiment, communication 

understood by those skilled in the art a common antenna between the host microproccsscH* 2110 in FIG. 14 and the 

may be used for transmit and recdve with either of the NIM 216 in FIGS, 13 and 14 is via a dual port memoy 

transponders 3018 and 3129. connected as the NIM host interface 909. The shared 

FIG. n depicts the combined Entertainment Control "^^^ provides mailboxes and buffer regions which arc 

Terminal 3124 and transcciva 3129. which may be housed 40 ^ '^^^ rn«sages and a>mmands between the host 

inaunitarycontainerhcr€indicatedas3134whichformsthc microprocessor and the rpi 216, Messages pj^^ 

television set top box or module. The integrated Entmain- ^ ^ "^^^ mt^tive traffic to the levd one and level 

mcnt Control Terminal or set top module 3134 includes in ^ gateways, nincr control commands, specification of appro- 

the transceiver pcrtion a down convatcr dcsprcadcr and priate PIDs for decryption, general housekeeping data, and 
frequency synthesizer 1200 and 1216. respectively, which 45 

are the same type as shown and described in connection with The RF tuner 901 translates the desired channel, contain- 

FIG. 10. The incoming signal received by the antenna 3130 eitficr digital or analog information, to a 43.75 MHz IF 

con^ses the entertainment signal selected by the user. This signal. The IF signal contains either digital or analog infor- 

signal is in the form of baseband NTSC modulation on an mation. The tuner 901 utilizes a dual conversion technique 

RF carrier, which in turn is transmitted by CDMA code in 50 syn&esizcd local oscillators, and has an input tuning 

the spread spectrum signal The output of the down con- range of 50 MHz to 860 MHz. 

verter despreado- 1200 comprises an NTSC modulated RF The 64 QAM demodulator comprises three suhmodules: 

carrier. This may be fed to a demodulator 3136 or may be DMAU, DMDU, and FEC. This module demodulates the 

delivered direcdy to the television set antenna terminals QAM signal to. digital fonn, and performs forward ecror 

typically on Channel 3 as indicated at 3137. The NTSC 35 correction (FEQ decoding, and it provides a baseband 

signal which results from the demodulation may be fed to an digital signal to the Decrypter Module. The DMAU contains 

aiiq)lifier 3138 and thence at 3139 to &e baseband input the SAW filter, ttie QAM demodulator, carder and dock 

terminals of the television set 3122. The frequency synthe- recovery loop components and ACjC contrd signal gencra- 

sizer 1216 is connected to a microprocessor or controller tion foa: the tuner 901. The DMDU contains an adaptive 

1210 similar to the controller of the same reference number go equalizer, ACjC control signal generation for the DMAU, 

seen in HG. 10. and error generation functions for the dock and carrier 

The Entertainment Control Terminal portion of the set top recovery loop. The FEC module executes concatenated 

lx>x or module 3134 indudes an upstream control signal Viterbi Cl^nellis) and Reed Solomon error correcting func- 

section generally similar to that seen in the lower portion of tions. 

FIG. 10. Thus, a frequency agile QPSK transmitter 1215 65 The decrypter module 907 recdves the baseband digital 

receives an 'mpm control signal from die IR controller 3126 data information stream from the demodulator and control/ 

via a protocol translating interface 3140, the miaoprocessor authorization information from the NIM controller 910. 
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When authonzed, this module 907 decrypts ttie package The same transponder receives and translates from spread 

identified by appropriate FIDs in the data stream The high spectrum radio frequency signals and delivers to the user 

speed data containing decrypted packets is then passed out control terminal broadband and control jgi'gnatx which it 

of the NIM to the hosttenninal.Tiis module employs a DES receives. The other or second transponder of the pair 

type dcaryption algorithm and a key hierarchy to provide 5 receives and transmits CDMA spread spectrum radio fre- 

acoess control and decryption. The specific algorithms may quency signals. This transponder transmits broadband and 

be modified dirough the use of a TV pass card which is control signals received from the communication lintr and 

inserted in the renewable security slot 911. receives and translates from spread spectrum mdio fre- 

The signaling interface between the NIM 216 and the quency signals and delivers to the communication link 

local loop coax drq) comprises a 64 QAM in-band transport jo signals received from the first transponder 

multiplex receiver and die frequency agUe QPSK out-of- The Network Entertainment IVnninal (NIM) includes a 

band receiver 913. A frequency agQe QPSK transmitter 915 demultiplexer ^ch separates from the broadband digital 

relays the upstream signal over an assigned default channel information a signal selected by the entertainment control 

and/or dynamicaUy assigned upstream signaling channels, terminal and delivers the sq)arated signal to the second 

typically in the 8-12 MHz band on the coaxial drop. The 15 F^Ponder. Hie Ne^oA Entertainment Tom^^ 

out-of-band receiver 913 monitors QPSK signals on an ^^?l«des a d«x)der which decodes the broadband digital 

assigned down stream default signaling c^nel. Down Jffoimat^on A tu^er is pron^^ select fronj the broad- 

, J ^ s w«««*iwa. i^vvTu band diintal information on the comnumication link a sicnal 

'"^r 'S'f J!f ^^^oi^^^^L'^.Tk^ whidi itcomiected to the demultiplexer. THe signal dd?v- 

are d^odukted by the roceiy^^ and forwarded to ije ^red to the second transponder indudes a radio^uency 

m^ctive n^orkdi^tolumt920 foreirorcorrection.'Ihc 20 carrier modulated with £e signal selected by thelct top 

MPEG encoded out-of-band signals are then output to an entertainment tenmnal, and this modulated signal is defiv- 

MPEG out-of-band (OOB) processor 922. If the received cxed to the second transponder. The modulating signal 

MPEG encoded signals have a FID value corresponding to corcprises an NTSC signal. TTie entertainment control ter- 

the NIM network address or the NET address, the MPEG minal or set top box for the TV set includes a demodulator 

OOB processor 922 pofoims MPEG processing to recover 25 for demodulating or despreading the spread spectrum signal 

the signaling data from the MPEG packets, and outputs the to provide to the television set an RF carrier including the 

data to the NIM controller 910. If the data from the MPEG NTSC signal for processing in the television s^ in the 

processor 922 is DET signaling data, the NIM controller 910 conventional manner. Alternatively, the set top UKxhile may 

supplies the signaling data to the NET processor via the provide a baseband signal to the TV set baseband terminals. 

NIM/Host Interface 909; if, however, the data from the 30 The entertaiimient control tenmnal in the set top box also 

MPEG processor 922 is NIM signaling data, then the NIM includes a control signal processor which is responsive to 

controller 910 processes the NIM signaling data accord- the selection of the user for providhig to the first transponder 

ing;iy. It will be understood that either or both in-band and a signal to modulate the spread spectrum signal transmitted 

out-of-band down stream signaling may be utOized. by the first transponder to the second transponder. While any 

In this embodiment of the invention, die down stream 35 *ype ^ CDMA spread spectrum may be utilized firequency 

input to the transponda- or transceiver 3018 in FIG. 11 is in hopping qiread spectrum is preferred, 

the form of the program signal modulated onto an RF carrier. Referring to FIG. 15 there is shown a block diagram of yet 

This signal is obtained from a modulator 4139 connected to another embodiment of the invention. According to this 

an RF oscillator carrieT generator 4141 and the NTSC embodiment wireless distribution is utilized within a 

encoder 2137 and audio mixer 2136 shown in FIG. 14. This 40 premise to distribute the broad band signal to mult^le user 

signal is in turn broadcast by the transponder 3018 as a terminals such as television sets. Spread spectrum wireless 

CDMA spread spectrum signal for reception and processing distribution is preferably utilized to mim'mwfi interference, 

by one or more transponders associated with television sets As a further step in reducing interference and background 

on the premise. FIG. 11 shows two such television sets 3122 noise generally this embodiment of the invention utilizes 

and 3133 eadi having its own set top box or module 3124 45 power line carrier distribution of the downstream and 

and3125. Television sets intended to operator independently upstream control signals. This approach permits wireless 

fox simultaneous rec^Jtion of different programs are pro- distribution using sinqile transmitters and receivers rather 

vided widi duplicate NIM, NET, and transponder units as than transceivers. FIG. 15 shows a block diagram of such an 

shown by way of cxanqile at 3135. arrangement in an exemplary premise according to tills 

It will thus be qipreciated that the embodiment of the 50 embodiment of the invention, 

invention illustrated in FIGS. 11-14 provides a unique Referring to FIG. 15 there is shown a drop line 500, such 

coupling between a user control terminal associated wi^ a as the dropline of the same number previously described in 

television set and a oomnmnication link, such as a coaxial the connection with FIGS. 8, 3 and U. Hic dropline com- 

drq> cord. The drop cord is connected to a communication prises the network communication link to die premise. On 

network for selectively providing broadband communica- 55 the premise, the dropline is connected to a number of 

tion links via a gateway for connecting selected information network intearface units 6000, 6002, 6004 and 6006 which is 

provider systems to user terminals in response to the user equal in number to the number of premise terminals^ such as 

terminals transmitting control signals upstream in response tdevision sets 6008, 6010, 6012 and 6014. The network 

to user inputs. The user control or entertainment control inteaface units include radio frequency transmitters and 

terminal is coupled to tiie comnmnication Hnk tinough a 60 antennas 6016-^022. The ndwork interface units may be 

wireless coupling. Ihe coupling includes a pair of transpon- similar to tiie corresponding units in tiic embodiments of 

ders or transceivers located at die premise for receiving and FIGS. 8 and 11 with respect to the downstream transmission 

transmitting spread spectrum radio frequency signals. A first of the broad band signal. However, the two-way 16 kbits/s 

transponder associated with the ussr TV set translates into control channel in this embodiment of the invention is 

radio frequency code division mult^)le access (CDMA) 65 transported by a power line caniec 

signals and transmits by RF radiation, control signals which Each network interface unit (NIU) is provided with a line 

arc received from die user control terminaL interface unit (LIU) 6024-i&030 connected to flie premise 
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power line 6032. The line interface unit is prcfffably housed proximate the entry of the cable 500 to the prcniise. The 

with the network interface unit and the connection 6034 to ■ network interface unit includes an analog £re^ueacy tuner 

the premise power line 6032 is preferably made via the 512 controlled by a microprocessor 910 to sclectiyely 

power supply connection for the network interface unit as is receive the radio frequency channel signals, including those 

presently described Each oetwork interface unit has a 5 channels carrying digital information. The tuner 512 selects 

corresponding digital entertainment terminal (DET) a 6 MHz channel or slot which contains fcnir or more 

6036-6042 v^liich indodes a receiver and receive antenna digitized and compressed video program and/or control 

6044-^0. The digital entertainment tenninals may be of channels. The tuner will tune in all channel frequencies 

the type described m connection with FIG. 8 and FIG. IL carried by the n^oik, including those used fc^ the analog 

However, in this embodiment of the invention the wireless jq broadcast services. 

processmg portion of the digital entertainment terminal The oitput of the tun^ 512 is fed to a frequency hopping 

requires only a radio frequency receiver rather than a trans- code division multiple access (CDMA) spread spectrum 

oeiver as is required in the preceding embodiments of the transmitter conqsising spread spectrum generator and up 

invention. The receivers handle the broad band downstream converter 518 v^ch is connected to a local oscillator or 

signal synthesizer 520. The oscillatQr operates in a frequency range 

The two-way control channel is canned by power line 1° achieve the desired degree of up conversion. The oujot 

carrier via line interface units 6052^ conn^ to the f f^,^ ^ ^^^f^ converter 518 is tfien 

digital entertaimnent terminals and the premise power line ^° f "^"Z^ ^' ^t^^^ifOW. 

a c if J* s * 1.1 * The out-of-band two-way signaHng channel is sput off from 

6032. AS vd&i me network interface mi^, it is preferable to ^^^^^ connection 500 and connected to u^fream and 

house the line Interface umts with the digital entertaimnent ^ downstream out-of-band processing units 6062 and 6064 

tenmnals so that the power line connection 6060 may be may be the same as the upstream and downstream 

made via the power connection for the digital entertainment processors 913. 915. 920 and 922 in FIG. 13. The upstream 

terminaL The digital entertainment termin als transmit data unit 6062 relays the upstream signal over an assigned default 

signals to the Level I Gateway via the 16 ld)its/s control chaimel and/or dynamically assigned upstream signaling 

diannel and the X.25 packet switched data network being 25 channels, typically in the S-12 MHz band on the coaxial 

used, such as. for example, those shown in the networks of drop. 

FIGS. 1-3. The downstream unit 6064 monitors QPSK signals on an 
As previously described, in a typical scenario, the user assigned downstream default signaling channel Down- 
turns on the distal entertainment tCTninal, and in response stream signals on the default downstream signaling channel 
to data signals from the Level I Gateway, the te rmin al are demcdulatcd, error corrected, MPEG processed, and fed 
displays an initial selection menu. The subscriber then inputs to the controller or microprocessor 910. The controller 910 
a selection, and in response to an ^propriate data s^nal supplies the signaling data to the corresponding digital 
from the digital entertainment terminal, the Level I Gateway entertainment terminal over flie premise power line 6032 in 
instructs the various network components to set up a virtual FIG. 15 via the line interface module 6024. The line iater- 
dlrcuit to the Level n Gateway of a selected VIP for 35 face module 6024 is a conventional powa* line carrier 
signaling purposes and a direct downstream path from die module which generates the radio frequency carrier whid) is 
VIP's server through the digital cross-connect switch for modulated by the control data signal from the microproces- 
video transmission. The video is distributed on the premise sor or controller 910. The connection to the power line is 
via tiie wireless signal which is preferably spread spectrum preferably made within the housmg of the network interface 
as previously described in order to avoid interference. 40 via the power line connection 6066 for the power supply 
The digital entertainment terminal can transmit control ^ the network interface unit 6000. In this way it is 
signaling upstream in the network via the X.25 data network possible to avoid any necessity for providing external wiring 
and can receive signaling infonnation, such as control data ^0 ^® premise. 

and text/graphics, downstream in the network through the FIG. 17 shows the details of a digital entcrtairmient 

same path to die network interface units. At the network 45 terminal such as the DET 6036 in FIG. 15. The terminal is 

intoface uidt the path of the broad band and narrow band substantially the same as that illustrate in FIG. 10 with the 

signals is bifiircated with the broad band signals being exception of the transport of the two-way control signals. It 

transmitted by wireless and the narrow band signals trans- will be understood that the digital entertainment terminal in 

mitted via the power line carrier connection. The narrow FIG. 15 includes, in addition to a transport interface module 

band transport may also carry voice and narrow band data 50 1213 shown in FIG. 17, a digital audio/video processor such 

services. Each digital entertainment terminal includes a as the module 2100 in FIG. 14. 

remote control and/or keypad to receive various selection Referring to HG. 17, the spread spectrum signal trans- 
signals from the user. The actual transmission of data signals mitted by the network interface unit 6000 is received by die 
upstream may occur in response to a polling of the digital antenna 6044. The despreader 1201 selects a specific 6 MHz 
entertainment terminals as described in connection with the $5 channel from the broad band input spectrum under control of 
network of FIG. 3. Each digital entertainment terminal may the frequency synthesizer 1213 and presents it at an inta- 
transrait data on a different carrier frequency, in which case mediate frequency to the digital communications receiver 
the netw<Hk controller knows which DET s^t particular section 1203. ITie digital receiver processes signals selected 
data based on the received frequency dianncL Alternatively, from one of the RF channels to capture one of the digital 
for interactive services, the DET may transmit a unique 60 transport streams. The digital processor outputs the transport 
identiiication code widi the upstream message. stream as a corrected serial baseband digital feed. The 
FIG. 16 shows details of a typical network interface unit decrypdon module 1207 is optional The TIM controller 
such as the units 6000-^6006 in FIG. IS. Thus, the network 1210 and/or die decryption module 1207 receive instructions 
interface unit 6000 includes the same broad band distribu- from the CPU 805 (FIG. 9) as to chaimel and program 
tion elements as described in connection with the embodi- 65 selection via the TIM/DET interface 1209. 
ment of FIG. 8. The drop cable connection 500 is made The two-way control signals to and from the TIM/DET 
through a network interfoce unit 6000 prefaably located interface are connected via the TIM controller to the line 
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interface modole 6046 and thence to a power line connection 
6060. The connection 6060 preferably constitutes die power 
connection for the TIM and related circaitry thus avoiding 
the need for a separate and external wire connection to the 
power line. Tlie control signals are canied by tht power line 5 
to and from the line intoface module 6024 aiul network 
interface unit 6000. It win be understood that the netwodc 
interface units and digital entertainment tenninals operate in 
pairs utilizing the same spread spectrum code. The differ- 
ence in code b«ween the respective line interface modules 
and DETs allows the multiple television tetminals to tune to 
or select different programs according to the desire of the 
user of the individual television sets. 

It win be readily seen by one of ordinary skill in the art 
that the present invention fulfills all of the objects set forth 
above. After reading the foregoing specification, one of 
ordinary skill will be able to effect various changes, substi- 
tutions of equivalents and various other aspects of the 
invention as broadly disclosed herein. It Is therefore 
intended that the protection granted hereon be limited only 
by the definition contained in the ^>pended claims and ^ 
equivalents thereof. 

We claim: 

1. A customer premise installation for distributing on said 
premise from a oonuminication network terminating link 
broadband digital information and two-way narrow band ^ 
control signals, comprising: 

plural user video terminals each connected to a collocated 
control terminal; 

each video terminal being coupled to said terminating link 
through a coupling including a pair of interface units; 

a first interface coupler in each pair of interface units 
comprising a receiver and a transmitter for req)cctively 
receiving and transmitting spread spectrum radio fre- 
quency signals, said transmitter transmitting radio frc~ 
quency signals including a broadband digital informa- 
tion signal and said receiver receiving and translating 
from said spread spectrum radio frequency signals and 
delivering to said video terminal broadband signals; 

a second interface coupler in each pair of interface units ^ 
receiving and transmitting said two-way control signals 
including upstream signals corresponding to signals 
received from one of said control terminals and down- 
stream signals corresponding to signals received from 
said terminating link; 

said second interface coupler in each pair of interface 
units including a power line transporting said two-way 
control signals on carriers modulated by said contrd 
signab corresponding to said downstream control sig- 
nals emanating from said terminating Hnir and said 50 
upstream control signals emanating from said one 
control tcrminaL 

2. An installation according to daim 1 herein upstream 
control signals on said power line are responsive to down- 
stream polling signals. 55 

3. An installation according to claim 1 wherein each said 
pair of interface units is coupled to said terminating Hnir via 
an interface module which includes: 

a first signal selector which selects from multiple broad- 
band signals carried by said termina ting link a group of 60 
said broadband signals responsive to an upstream con- 
trol signal corresponding to user ii^ut to said control 
terminal; and 

a second signal selector \K^iich selects from said group of 
broadband signals a signal carrying the video content 65 
responsive to an upstream control signal corresponding 
to user input to said control terminaL 
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4. An installation according to daim 3 wherein one of said 
selectors is a fr^uency selects. 

5. An installation according to daim 3 wherein one of said 
selectors is a G3MA selector, 

6. An installation according to daim 1 v^erein said 
spread spectrum signals are frequency hopped spread spec- 
trum. 

7. In a system conpising: 

a communication network sdectivety providing broad- 
band communications links; 

a plurality of information service provider systems con- 
nected to the network for transndtting broadband digi- 
tal information via communication links through the 
network; 

a gateway fm* connecting selected information provider 
systems to user terminals responsive to user tominals 
transmitting control signals iq}stream through the net- 
work in response to user inputs; 

whcrdn said user terminals include a control terminal for 
coupling to a communication link transportiDg from 
said network said broadband digital information and 
two-way control signaling; 

said control terminal being coupled to said communica- 
tion linV transporting said broadband digital informa- 
tion and two-way control signaling tiiroug^ a coupling 
induding: 

a first interface unit located at the prermse including a 
radio frequency transmitter and a radio frequency 
receiver for transmitting and rccdving spread spec- 
trum radio frequency signals carrying broadband 
digital information responsive to signals recdved 
from said control tenninal, and recdving and trans- 
lating from spread spectrum radio frequency signals 
and delivering to said contrd terminal a broadband 
signal; 

a second interface unit located at the premise recdving 
and transmitting two-w£^ control si gnals induding 
upstream signals corresponding to signals recdved 
from said contrd terminal and downstream signals 
corresponding to signals recdved from said termi- 
nating link; 

said second interface unit including a power line trans- 
porting said two-way control signals on carriers 
modulated by contrd signals correspondhig to said 
downstream control signals emanating from said 
terminating link and said upstream control signals 
emanating from said control terminaL 

8. A system according to daim 7 wherein said coupling 
indudes a deimiltiplexer which separates from said broad- 
band digital information a signal sdected by said control 
terminal and delivers said separated signal to one of said 
user terminals. 

9. A system according to daim 8 wherein the broadband 
digital information is transported in a compressed encoded 
form and said coupling indudes a decoder which decodes 
said broadband digital information. 

10. A system according to claim 7 wherein the broadband 
digital information indudes mult^)le compressed multi- 
plexed digital diarmels. 

11. A system according to daim 7 wherein upstream 
control signals on said power fine are responsive to down- 
stream polling signals. 

12. A sy^em according to daim 7 wherein each pair of 
first and second interface units is coupled to said terminating 
link via an interface module which indudes: 

a first signal sdector which sdects from multifde broad- 
band signals carried by said terminating link a group of 
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said broadband signals responsive to an upstream con- 
trol signal corresponding to user iiq>ut to said oontrol 
temunal; and 

a second signal selector wbich selects from said group of 
broadband signals a signal carrying the video content ^ 
responsive to an upstream control signal corresponding 
to user mpai to said control terminal. 

13. A system according to claim 12 wherein one of said 
selectors is a frequency selected. 

14. A system according to daim 12 wherein one of said 
selectors is a CDMA selecton 

15. A system according to claim 7 whoein said spread 
spectrum signals are frequency hopped spread spectrum 
signals. 

16. A method of providing on premise distribution of an 
interactive coimmmication service establishing multiple 
oonmmnication links between selected ones of a plurality of 
available information service providers and control termi- 
nals for multiple video terminals on a premise, each said 
communication link providing downstream transport of ^ 
broadband, digital infonnation to the control terminals) 
comprising the steps of: 

multq>lexing broadband digital information, including 
video and audio, and control signals; ^ 

establishing on preniise spread spectrum radio frequency 
linlcfi to said control terminals, said links transporting 
selected broadband information; 

converting multjpk selected broadband digital informa- 
tion delivered to said on premise radio frequency links 30 
to analog video and audio signals delivered to ones of 
said video terminals; 

using CDMA codes unique to said spread spectnun radio 
frequency links and control terminals; 

establishing on premise powo* line radio frequency links 
to said control terminals, said power line radio fre- 
quency links transporting two way control signaling to 
and from said communication link. 

17. A customer premise installation for distiibuthig on 
said premise from a communication network terminating ^ 
link broadband digital information and two-way narrow 
band control signals, comprising: 

plural user video terminals each connected to a collocated 
control terminal; 
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each video terminal being oou^ded to said terminating link 
through a coupling including a pair of interface units 
for each of said video terminals; 

a first interface coiq>ler in each pair of interface units 
composing a receiver and a transmitter for respectively 
receiving and transmitting radio frequency si^mls, said 
transmitter transmitting radio frequency signals includ- 
ing a broadband digital information signal and said 
receiver receiving said radio frequency signals and 
translating from said radio frequency signals and deliv- 
ering to said video tenninal broadband signals; 

a second interface coupler in each pair of interface units 
receiving and transmitting said two-way control signals 
including upstream signals cooesponding to signals 
received from one of said control terminals and down- 
stream signals conesponding to signals received from 
said terminating Enk; 

said second interface coupler in each pair of interface 
units including a power line transporting said two-way 
control signals on carriers modulated by control signals 
corresponding to said downstream control signals ema- 
nating from said tenninating link and q)stream control 
signals emanating from said one control terminal. 

18. Ao installation according to claim 17 wherein 
upstream control signals on said power line are responsive 
to downstream polling signals. 

19. An installation according to daim 17 wherein each 
said pair of interface units is coupled to said terminating link 
via an interface module which includes: 

a first signal sdector which selects from multiple broad- 
band signals carried by said terminating link a group of 
said broadband signals responsive to an upstream con- 
trol signal corresponding to user input to said control 
tenninal; and 

a second signal selectCH' which selects from said group of 
broadband signals a signal carrying the video content 
responsive to an upstream control signal corresponding 
to user input to said control terminal. 

20. An installation according to claim 19 whocin one of 
said selectors is a frequency selector. 

21. An installation according to claim 19 wherein one of 
said selectors is a CDMA selector. 

* * ^ * 4 
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